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PREFACE. 


By  Alfbed  H.  Brooks. 


•  • 


•  • 


Though  petroleum  was  among  the  first  of  the  useful  minerals, 
foand  in  Alaaka,  it  has  received  relatively  little  attention.  Except*. 
in  the  Katalla  field,  all  attempts  at  systematic  development  wev€ 
confined  to  a  very  brief  oil  boom  that  began  in  1901  but  soon  col- 
lapsed, owing  to  the  rapid  oil  developments  in  California.  All  the 
Alaska  oil  lands  were  withdrawn  in  1910,  and  patent  has  been  granted 
to  only  one  claim,  which  is  in  the  Eutalla  field.  Since  then  nothing 
has  been  done  on  Alaska  petroleum  except  some  drilling  in  the  Katalla 
field,  where  productive  oil  wells  have  been  developed. 

This  condition  persisted  until  the  passage  of  the  recent  oil  and 
gas  leasing  act  of  February  25,  1920.  The  provisions  of  this  law 
applying  to  Alaska  ^  appear  to  be  liberal  and  will  permit  prospect- 
ing the  fairly  accessible  localities  near  the  Pacific  where  seepages 
have  been  found.  These  include  all  the  areas  that  now  give  promise 
of  being  of  commercial  importance.  There  are,  however,  some  indi- 
cations of  oil  in  the  extreme  northern  part  of  Alaska  (pp.  68-70),  a 
region  at  present  almost  inaccessible.  This  region  is  nearly  1,000 
miles  from  the  nearest  open  port  on  the  Pacific  and  500  miles  from 
the  nearest  point  on  the  Government  railroad.  Obviously  no  one 
could  be  induced  to  furnish  the  capital  for  developing  such  a  field 
unless  there  was  promise  of  very  large  returns  on  the  enormous  in- 
vestment required.  Therefore,  before  entering  upon  such  a  project, 
capital  'vrill  demand  much  more  liberal  conditions  as  to  size  of 
leaseholds  and  royalties  than  are  permitted  by  the  present  act. 

The  approval  of  the  oil-leasing  law  was  tiie  signal  for  starting 
small  stampedes  to  all  the  accessible  localities  where  oil  seepages 
were  known,  and  many  claims  were  staked.  Later  the  staking  of 
oil  claims  was  extended  into  several  districts  where  no  indications 
of  oil  had  been  found.  Up  to  September,  1920,  178  applications  for 
oil-leasing  permits  had  been  received  by  the  Juneau  land  ofiice,  cov- 
ering a  total  of  388,673  acres  of  land.  This  by  no  means  includes  all 
the  claims  that  have  been  staked. 

^  HesQlatlonB  coTerlng  oil  and  gas  pormlts  and  leases  (inclading  relief  measures)  and 
rlghU  of  way  for  oil,  gaa,  and  i»lpe  lines :  General  Land  Office  Ctrc.  672,  1920. 

5 


6  PETROLEUM  IN  ALASKA. 

•  r 

As  in  all  oil  booms,  miich  the  larger  part  of  the  land  that  has 
been  staked  will  no  doubt'^ie  found  worthless,  and  there  will  be  many 
disappointments.  YQlr/;^;^!^^.  Martin  shows  in  this  volume,  there  is 
good  reason  to  beUevfr  that  oil  fields  will  be  developed  in  Alaska. 
On  the  other  hft'Ad^ihe  geologic  data  do  not  indicate  that  any  star- 
tling discovejr^'.will  be  made.  No  doubt  systematic  drilling  at 
localities  in  Altfska  favorable  for  oil  will  be  begun  in  1921. 

It  is, to  l>^  expected  that  with  the  legitimate  enterprises  that  have 
for  th^^purpose  the  search  for  oil  will  come  the  usual  flood  of  stock- 
jobbing companies  that  are  more  energetic  in  selling  stock  than  in 
.dey^Ioping  an  oil  field.    In  the  following  pages  Mr.  Martin  shows 
.  'that  in  certain  areas  in  Alaska  there  is  good  chance  of  finding  pro- 
.^uctive  oil  pools.    In  other  areas  there  is  some  chance  of  finding  oil, 
though  drilling  in  them  must  be  regarded  on  present  evidence  as  pure 
"  wildcatting."    On  the  other  hand,  the  geology  of  much  the  larger 
part  of  Alaska  gives  no  hope  that  it  contains  deposits  of  petroleum. 

Those  who  are  inexperienced  in  oil  ventures  are  warned  to  be 
cautious  in  investing  in  Alaska  oil  stock  without  first  obtaining  full 
knowledge  as  to  the  character  of  the  company  and  as  to  whether  its 
holdings  are  in  the  region  where  petroleum  seepages  have  been  found. 
Wildcatting  for  oil  in  some  parts  of  Alaska  is  perfectly  legitimate, 
but  the  wildcatter  should  fully  realize  that  his  enterprise  is  a  risky 
speculation.  On  account  of  the  adverse  local  conditions  that  are  set 
forth  in  this  report,  a  company  searching  for  oil  in  Alaska  must  have 
more  capital  than  is  needed  for  a  similar  enterprise  in  the  States. 

It  is  unfortunate  that  the  limits  set  by  the  funds  available  have 
made  it  impossible  to  get  complete  surveys  of  the  areas  in  Alaska 
which  are  the  most  promising  for  possible  oil  development.  Addi- 
tional surveys  of  prospective  Alaska  oil  fields  are,  however,  under- 
way and  will  be  continued  as  fast  as  the  conditions  permit.  Mean- 
while, in  view  of  the  wide  interest  that  is  now  taken  in  the  oil  re- 
sources of  Alaska,  this  summary  of  the  facts  relating  to  it  has  been 
prepared. 

Mr.  Martin  made  his  first  investigation  for  oil  in  Alaska  in  1903, 
and  since  then  has  from  time  to  time  devoted  considerable  attention 
to  this  subject.  Other  geologists  have  also  made  some  field  investiga- 
tions bearing  on  the  occurrence  of  oil  in  the  Territory.  The  accom- 
panying bibliography  shows  that  the  information  relating  to  oil  in 
Alaska  is  scattered  through  many  publications,  some  of  which  are 
now  out  of  print.  This  information  has  been  assembled  and  coor- 
dinated by  Mr.  Martin.  In  addition  to  the  facts  published  many 
others  have  been  obtained  from  more  or  less  confidential  reports 
furnished  by  those  who  have  been  directly  or  indirectly  connected 
with  the  development  of  oil  in  Alaska.  For  material  of  this  kind 
special  acknowledgment  is  made  to  Dr.  A.  M.  Bateman,  Messrs.  J.  L. 


McPherson,  Falcon  Joslin,  H.  B.  Harrimaa,  and  Capt.  M.  Manson. 
By  using  tiiis  material  Mr.  Martin  haa  been  able  to  present  more 
detailed  statements  than  tboee  contained  in  the  original  publications. 
In  spite  of  the  small  developm^its  Alaska  has  produced  some 
56,000  barrels  of  petroleum,  all  of  which  was  taken  from  the  Katalla 
field.  This  oil  has  found  a  ready  local  market.  Most  of  the  output 
made  in  recent  years  has  been  used  by  a  small  refinery  near  Katalla. 
The  large  use  of  petroleum  and  petroleum  products  in  Alaska  is 
shown  by  the  following  table  of  imports : 


.        v«. 

<Biluni,«te. 

^^ 

"a--- 

Lubrlrat- 

imou. 

74 
M 
00 

di 

43 

U 

i 

M 

no 

M 

4Z 

73; 
7a: 

971 
3N 

1 

ISO 

1>1 

i 

IK ;:::::;::::::;::;:::::;:::;:::::::::::;; 

SS::::::::::::::::::::::::::::::::::::::::::::::::: 

a 

337,  m.m 

S3,MB,«« 

II,W7,S0g 

a,w,s3a 

vr  ot  rmigD  Commane  of  lbs  Uoltod  BWM,  UOt  to  IBU,  fionui  el 


PRELIMINARY  REPORT  ON  PETROLEUM  IN  ALASKA. 


By  George  C.  Mabtin. 


INTRODUCTION. 

Indications  of  petroleum  have  been  found  in  five  districts  in  Alaska 
(see  PI.  I),  four  of  which — the  Katalla  or  Controller  Bay  field,  the 
Yakataga  district,  the  Iniskin  Bay  district,  on  Cook  Inlet,  and  the 
Cold  Bay  district,  on  the  Alaska  Peninsula — are  on  the  Pacific  sea- 
board, and  the  fifth,  which  includes  areas  near  Smith  Bay,  is  on  the 
Arctic  coast.  The  Katalla  field,  the  only  one  that  is  now  producing 
oil,  could  be  made  tributary  to  Controller  Bay  or  could  be  reached 
from  the  Copper  Biver  Bailroad  by  an  easily  constructed  branch 
60  miles  long.  The  Yakataga  district  is  comparatively  inaccessible 
for  lack  of  a  harbor.  The  Iniskin  Bay  district,  on  Cook  Inlet,  and 
the  Cold  Bay  district,  on  Alaska  Peninsula,  are  tributary  to  harbors 
that  are  free  from  ice  throughout  the  year.  Smith  Bay,  which  is 
about  50  miles  east  of  Point  Barrow,  is  a  shallow  arm  of  the  Arctic 
Ocean,  which  is  locked  in  ice  for  at  least  10  months  of  the  year. 

The  petroleum  of  the  Pacific  coast  of  Alaska,  as  it  is  known  from 
wells  near  Katalla  and  from  seepages  in  the  Yakataga,  Iniskin,  and 
Cold  Bay  districts,  is  a  high-grade  refining  oil  with  a  paraflin  base. 
The  petroleum  found  near  Smith  Bay  appears  to  have  an  asphaltic 
base. 

The  oil  seepages  on  Cook  Inlet  and  Alaska  Peninsula  were  ap- 
parently known  during  the  period  of  Bussian  rule.  The  oil  fields 
in  Alaska  began  to  attract  considerable  attention  in  1896,  when  claims 
were  staked  under  the  placer  law  in  the  Katalla,  Yakataga,  and  Cook 
Inlet  districts.  The  first  well  at  Katalla  was  drilled  in  1901,  and  a 
well  was  drilled  on  Cook  Inlet  at  about  the  same  time.  There  was 
much  activity  in  the  supposed  oil  fields  of  Alaska  from  1902  to  1904, 
when  many  claims  were  staked  in  all  the  fields  on  the  Pacific  coast  of 
Alaska,  and  at  other  places  where  oil  was  supposed  to  exist,  though  its 
existence  had  not  been  confirmed.  During  this  period  most  of  the 
wells  in  the  Katalla,  Iniskin,  and  Cold  Bay  districts  were  drilled. 
This  "  boom  "  collapsed  in  1904,  and  all  active  operations  soon  ceased. 
Drilling  was  stopped  for  se^P^ral  reasons,  among  them  the  failure 
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to  obtain  oil  in  large  quantities,  the  high  cost  and  great  difficul 
drilling  under  the  peculiarly  adverse  geographic  and  geologic 
ditions  existing  in  Alaska,  the  increasing  supply  of  fuel  oil  ^^ 

California,  and  later  of  refining  oil  from  the  Mid-Continent  £  /-'tTIV 
and  the  difficulty  of  obtaining  title  to  oil  lands  under  the  old\v'^Ar  \^ 
except  by  discovery  of  oil  in  wells.  ^'''■''^J    ^ 

All  the  oil  lands  in  Alaska  were  withdrawn  from  entry  Novel  '^ . 

3,  1910,  but  meanwhile  patent  had  been  granted  to  one  claim  oi  V' 

acres  in  the  Katalla  field,  and  other  claims  were  pending,  on  son  z^ 
which  oil  seems  to  have  been  discovered.    Assessment  work  has 
continued  on  some  of  the  claims  that  were  staked  before  the  t 
drawal,  especially  in  the  Katalla  field,  and  applications  for  pat/- 
have  been  made.     Other  claimants  have  doubtless  acquired  p^  ►-' 
rights  under  section  22  of  the  new  leasing  law.  S 

Drilling  has  been  done  only  in  the  Katalla,  Iniskin,  and  Cold  *3\ 
fields.    About  40  wells,  aggregating  in  depth  about  35,000  feet,  t  .,1; 
been  drilled,  31  of  which,  aggregating  28,431  feet,  are  in  the  Kat 
field.    Oil  has  been  produced  commercially  only  in  the  Katalla  fl  '"  \  ^ 
which  has  yielded  since  1904  about  56,000  barrels  of  crude  oil  for       \  ^-^ 
as  local  fuel  and  for  distillation  in  a  small  local  refinery  that    ">  \  ^ 
been  operated  since  1912.  \ 

It  is  too  early  to  forecast  the  possible  ultimate  extent  of  the  Alai  ,  „,rr .-  \ 
petroleum  industry,  but  some  conclusions  as  to  its  probable  fufc'  V 

may  nevertheless  be  given.    The  conditions  in  each  field  are  discufir-^""'- > 
in  greater  detail  farther  on,  but  a  summary  of  the  conclusions 
be  given  here. 

The  geologic  conditions  in  the  Katalla  field  are  by  no  means 
couraging,  and  none  of  the  31  wells  have  yielded  a  large  output,  j^ 
the  field  has  produced  oil  commercially  for  nearly  10  years,  anc 
large  proportion  of  the  better-located  wells  have  been  product!   p   a  i 
The  results  of  drilling  have  on  the  whole  been  rather  consistent  a 
have  proved  the  existence  of  moderate  amounts  of  oil  in  at  least 
part  of  the  district,  especially  within  the  area  of  the  patented  clal 
The  wells  outside  this  claim  are  not  numerous  enough  to  determi 
the  outlines  of  the  productive  areas  or  even  to  show  whether  ( 
exists  in  sufficient  quantity  to  pay  for  exploitation.    The  widesprei 
and  copious  seepages  indicate  that  large  areas  may  be  regarded 
possible  oil  land.    The  results  obtained  in  the  wells  on  the  patenti 
claim  near  Katalla  probably  give  a  fair  indication  of  what  may  1 
expected  near  the  other  seepages.    A  large  proportion  of  any  ne 
wells  that  may  be  drilled  near  these  seepages  will  probably  yiel 
small  quantities  of  oil,  and  some  of  them  may  be  larger  producer 
but  there  is  no  reason  to  expect  more  favorable  results  at  any  specii 
localities  or  at  greater  depths. 
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KATALLA  OR  COKTROLLEB  BAT  OIL  FIELD.  11 

The  geologic  structure  in  the  Yakataga  district  has  been  described 
as  more  regular  than  that  in  the  Katalla  field,  but  this  seeming  regu- 
larity is  possibly  due  to  the  fact  that  a  narrower  section  is  exposed. 
The  structure  may  be  similar  to  that  in  the  eastern  part  of  the  Bering 
River  coal  field,  where  the  more  massive  and  best  exposed  beds  seem- 
ingly indicate  regular  structure  but  where  the  softer  and  less  con- 
spicuous beds  show  intricate  folding,  and  where  the  folding  has  in 
places  really  been  so  close  that  many  of  the  minor  folds  have  been 
partly  flattened  out.  The  seepages  in  the  Yakataga  district  are  numer* 
ous  and  yield  a  large  volume,  of  oil.  The  Yakataga  district  is  cer- 
tainly worth  testing  with  the  drill,  provided  the  difficulties  of  land- 
ing supplies  and  of  shipping  oil  can  be  overcome,  but  there  is  doubt 
as  to  whether  it  is  any  more  promising  than  the  Katalla  field. 

The  possible  oil  fields  on  Cook  Inlet  have  not  been  adequately 
tested  with  the  drill,  but  the  stratigraphy,  structure,  and  seepages 
indicate  that  some  oil  will  probably  be  obtained,  most  likely  along  the 
easternmost  anticline  and  belt  of  seepages  in  the  peninsula  between 
Iniskin  and  Chinitna  bays.  Favorable  localities  may  be  sought  else- 
where within  the  areas  of  Jurassic  rocks,  but  the  larger  part  of  these 
areas  is  less  promising  because  of  steep  dips  or  of  the  profound  depth 
of  the  probable  oil  sands  or  of  difficulty  of  access. 

The  Alaska  Peninsula  has  possibilities  as  an  oil  field.  In  parts 
of  the  Cold  Bay  district  the  stratigraphy,  the  structure,  and  the 
seepages  give  promise  of  future  production.  The  few  wells  drilled 
near  Cold  Bay  give  no  adequate  test  of  any  part  of  the  field.  Most 
of  the  Alaska  Peninsula  is  unexplored,  and  possibly  the  most  favor- 
able localities  for  drilling  have  not  yet  been  found. 

In  northern  Alaska  oil  may  be  present  in  a  wide  area,  but  the 
difficulties  of  transportation  and  the  very  short  open  season  make 
it  doubtful  whether  conmiercial  development  is  feasible  at  this  time. 

Future  discoveries  may  reveal  indications  of  petroleum  in  other 
parts  of  Alaska,  but  no  localities  are  now  known  where  drilling  is 
warranted  except  in  the  regions  described  above. 

SL^TAIjIiA  OR  CONTROLiIiER  BAY  OIL  FIELD. 

LOCATION. 

The  Katalla  or  Controller  Bay  oil  field  is  on  the  Pacific  coast  of 
Alaska  near  latitude  60°  10'  N.,  longitude  144°  20'  W.  The  local- 
ities at  which  there  are  known  indications  of  petroleum  are  confined 
to  a  belt  that  is  about  25  miles  long  (from  east  to  west)  and  4  to  8 
miles  wide  (from  north  to  south).  (See  PL  IV.)  This  belt  is 
bounded  on  the  north  in  part  by  the  Bering  River  coal  field,  on  the 
south  by  Controller  Bay,  the  Pacific  Ocean,  and  the  alluvial  flats  on 
the  east  shore  of  Controller  Bay,  on  the  east  by  Bering  Glacier,  and 
on  the  west  by  Copper  Delta. 
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Katalla,  the  distributing  point  for  the  oil  field,  is  a  small  settle- 
ment about  six  days'  sail  from  Seattle  and  about  50  miles  in  an  air 
line  east  of  Cordova.  Katalla  can  be  reached  either  by  direct  land- 
ing from  Seattle  steamers  or  by  launches  from  Cordova.  Passengers 
and  freight  are  landed  at  Katalla  by  means  of  scows  and  launches 
when  the  wind  is  favorable.  During  the  period  of  excitement  re- 
sulting from  the  discovery  of  oil  some  use  was  made  of  Controller 
Bay,  15  miles  east  of  Katalla.  Within  its  shelter  ships  discharged 
on  scows,  which  were  landed  at  Katalla  or  at  the  mouth  of  Bering 
Biver.  Plans  have  been  formulated  for  developing  the  Bering  coal 
field  by  building  a  branch  from  the  Copper  River  Railroad  to  con- 
nect with  tidewater  at  Cordova,  on  Prince  William  Sound.  (See 
PL  III.)  Another  plan  contemplates  the  building  of  a  railway 
from  a  terminal  on  Controller  Bay.  Either  plan  could  be  made  to 
serve  the  Elatalla  oil  field  with  but  little  additional  expense.  Con- 
troller Bay  could  also  be  used  as  a  shipping  point  for  petroleum 
without  a  railroad  by  building  short  pipe  lines  to  tidewater.  The 
available  timber  is  ample  for  construction.  Fuel  and  blacksmith 
coal  can  be  obtained  in  the  Bering  River  coal  field,  which  is  only  a 
few  miles  north  of  the  oil  field. 

Passengers  and  freight  are  carried  from  Katalla  to  all  parts  of 
Controller  Bay  and  to  Bering  Lake  by  launches,  and  much  of  the 
rest  of  the  region  is  accessible  by  canoes.  Berii\g  River  as  far  as  the 
mouth  of  Canyon  Creek,  Gandil,  Nichawak,  and  Katalla  rivers,  and 
other  large  streams  are  navigable  for  canoes  and  poling  boats,  which 
carry  most  of  the  local  freight  and  passengers. 

Land  travel  is  practicable  only  where  trails  have  been  built,  be- 
cause the  vegetation  is  dense,  the  flats  are  swampy,  and  the  streams 
are  numerous  and  many  of  them  are  hard  to  cross.  Most  of  the  trails 
are  indicated  on  Plate  IV.  The  trails  that  are  most  used  are  those 
from  Katalla  to  Mirror  Slough,  from  Katalla  along  the  beach  to 
Strawberry  Harbor  and  to  the  head  of  Katalla  Slough,  and  from  the 
mouth  of  Bering  River  to  the  head  of  Katalla  Slough.  The  last  is  a 
well-built  wagon  road.  Other  shorter  trails  reach  practically  all  the 
camps  that  are  not  accessible  by  water.  Short  tramroads  have  been 
built  from  the  head  of  Katalla  Slough  and  from  the  mouth  of  Red- 
wood Creek  to  neighboring  oil  wells.  Telephone  lines  are  in  opera- 
tion from  Katalla  to  Cordova,  where  they  connect  with  the  Govern- 
ment cable  and  wireless  systems,  and  to  some  of  the  local  coal  and  oil 
camps. 

SXmVETS  AKD  INVESTIOATIONS. 

fz,^\^r^n^  reconnaissance  surveys  of  the  Katalla  oil  fields  were  made 
'  r  in  1903  and  1904,  and  detailed  topographic  surveys  were 

r  the  more  promising  part  of  the  field  in  1905.    Detailed 
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geologic  surveys  were  made  in  1905  and  1906.  The  reports  on  these 
surveys  have  already  been  published  ^  but  are  no  longer  available  for 
free  distribution.  The  information  herein  presented  is  based  chiefly 
upon  these  surveys  and  upon  supplemental  investigations  made  by 
the  writer  in  1917.  The  detailed  topographic  map '  of  the  region  can 
still  be  obtained  on  application  to  the  Geological  Survey. 

DEVELOPMENT. 

The  seepages  near  Katalla  became  known  about  1896.  The  first 
well,  known  as  well  A,  on  the  banks  of  Oil  Creek,  on  claim  No.  1,* 
now  patented,  was  drilled  in  1901  by  an  English  company  known  by 
different  names  and  operating  under  lease  from  the  Alaska  Develop- 
ment Co.  This  well''  was  drilled  to  a  depth  of  270  feet  and  was 
abandoned  because  of  the  loss  of  the  tools,  without  obtaining  any  oil. 

In  1902  the  lessees  of  the  Alaska  Development  Co.  drilled  well  No. 

I  to  a  depth  of  366  feet  and  obtained  a  flow  of  oil. 

In  1903  the  lessees  of  the  Alaska  Development  Co.  deepened  well 
No.  1  to  550  feet  without  obtaining  additional  oil  and  drilled  well 
No.  2  on  the  same  claim,  obtaining  some  oil ;  the  Alaska  Petroleum  & 
Coal  Co.  drilled  its  first  well  (No.  110)  near  the  head  of  Katalla 
Slough  and  its  second  well  (No.  Ill)  on  Katalla  Biver  without 
obtaining  any  oil ;  and  another  company  began  a  well  (No.  102)  on 
the  east  bank  of  Bering  River. 

In  1904  the  lessees  of  the  Alaska  Development  Co.  drilled  well  No. 
3  and  well  B  and  erected  a  derrick  for  well  C  and  possibly  drilled  it, 
all  on  claim  No.  1.  (See  fig.  1.)  Some  oil  was  obtained  in  well  No.  3. 
The  same  company  drilled  a  well  (No.  108,  PL  IV)  on  Redwood  No. 

II  claim,  a  well  (No.  103)  on  the  bank  of  Chilkat  Creek,  on  Chilkat 
No.  10  claim,  two  wells  (Nos.  104  and  105)  on  Chilkat  No,  11  claim, 
along  the  wagon  road  west  of  Chilkat  Creek,  and  erected  a  derrick  but 
did  not  drill  on  Barrett  No.  1  claim,  a  mile  west  of  Burls  Creek.  Some 
oil  was  obtained  in  the  well  on  the  Redwood  claim,  and  in  one  or  both 
of  the  wells  on  Chilkat  No.  11  claim.  One  or  more  of  the  wells  on 
claim  No,.  1  were  pumped  to  supply  fuel  for  use  at  the  wells  that 

"MAittn,  G.  C,  Petrolemn  fields  of  Alaska  and  the  Bering  lUyer  coal  fields:  U.  S. 
GeoL  Sarrey  Ball.  225,  pp.  365-382,  1904;  The  petroleum  fields  of  the  Padflc  coast  of 
Alaska,  with  an  account  of  the  Bering  River  coal  deposits:  U.  S.  Geol.  Survey  Bull. 
280,  64  pp.,  1605;  Notes  on  the  petroleum  Adds  of  Alaska:  U.  8.  Oeol.  Bnrvey  Bull. 
259,  pp.  128-139,  1905 ;  Petroleum  at  Controller  Bay :  U.  8.  Geol.  Survey  Bull.  814,  pp. 
89-103,  1907 ;  Geology  and  mineral  resources  of  the  Controller  Bay  region,  Alaska :  U.  S. 
GeoL  Survey  Bull.  335,  141  pp.,  1908. 

*  Topographic  map  of  Controller  Bay  region,  Alaska  (No.  601  A)  ;  scale  1 :  62,500 ; 
by  B.  G.  Hamilton  and  W.  R.  Hill.     Price,  35  cents  retail  or  21  cents  wholesale. 

*Por  the  positions  of  the  wells  see  PI.  IV  and  fig.  1,  where  they  are  indicated  by 
thd  numbers  here  given. 

'Further  Information  concerning  each  well  Is  given  on  pp.  21-25. 
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were  being  drilled.  The  Alaska  Petroleum  &  C!oal  Co.  drilled 
third  well  (No.  112)  near  Katalla  but  obtained  no  oil.  Two  ^ 
(Nob.  106  and  107)  were  drilled  on  Strawberry  Harbor  by  Clar^ 
Cunningham,  but  no  oil  was  obtained. 

In  1905  the  lessees  of  the  Alaska  Development  Co.  did  no  dri]t~~ 
and  their  wells  were  not  pumped.    The  Alaska  Petroleum  &  C 
Co.  drilled  its  fourth  well  (No.  113)  near  Katalla,  and  the  so-cai 
Rathbun  well  (No.  101)  was  drilled  on  the  west  shore  of  Bel 
Lake.  \  i 

In  1906  drilling  was  continued  at  the  two  wells  begun  in  1905,. 
no  oil  was  obtained.  Patent  was  granted  for  claim  No.  1  of  . 
Alaska  Development  Co. 

In  1907  the  Alaska  Petroleum  &  Coal  Co.  drilled  its  fifth  well  (k 
114).    Two  wells  on  the  patented  claim  were  pumped  to  supply  i 


for  use  in  local  railroad  construction.  \  ^ 

In  1908  and  1909  no  wells  were  drilled.    Some  oil  was  pumped  .-^  _"^ 
local  use  in  1908  from  the  wells  on  the  patented  claim.  ^  _ 

In  1910  the  Amalgamated  Development  Co.  obtained  control  '^ 
the  patented  claim  and  of  the  rights  and  other  property  of  1;^^ 
Alaska  Development  Co.  The  wells  previously  drilled  by  the  lesa  -  r 
of  the  Alaska  Development  Co.  were  cleaned  out  and  tanks  anc^r^J* 
pipe  line  were  built.  All  oil  lands  in  Alaska  were  withdrawn  fn  v:^. 
entry  November  3, 1910.  [jz^l 

In  1911  a  well  (No.  115)  was  drilled  by  the  Alaska  Coal  Oil  Co/^'  \ 
Mirror  Slough,  which  is  said  to  have  struck  some  oil  and  gas  at-  ' 
depth  of  700  feet.  Derricks  were  probably  erected  about  this  til  \  J 
at  other  localities,  but  it  is  not  known  that  any  further  drilling  w  \ 
done.  Preparations  were  made  for  utilizing  oil  from  the  wells  i  ) 
the  patented  claim,  a  small  experimental  refinery  was  built  on  Katah"*^ 
Slough,  and  possibly  some  oil  was  pumped  or  refined. 

In  1912  four  wells  (Nos.  4, 5, 6,  and  7)  were  drilled  on  the  patentj 

claim.  Oil  was  obtained  in  wells  4,  5,  and  7.  The  refinery  wj 
placed  in  regular  operation  and  supplied  gasoline  and  other  produd 
for  local  use.  Drilling  was  continued  at  the  well  (No.  115)  d 
Mirror  Slough  in  1912  and  for  some  time  thereafter. 

In  1913  well  No.  8  was  drilled  on  the  patented  claim,  the  old4 
wells  on  this  claim  were  pumped,  and  the  refinery  was  operated.      ^^^ 

In  1914  and  1915  the  refinery  was  operated,  but  no  new  drilliii 
was  undertaken.  In  1915  the  company  that  had  been  operating  tlj 
refinery  went  into  the  hands  of  a  receiver. 

In  1916  the  patented  claim  and  the  refinery  were  bought  by  tl 
St.  Elias  Oil  Co.    Production  was  increased  somewhat  by  cleaniniQQ^ 
out  the  old  wells,  but  no  new  wells  were  drilled. 
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In  1917  the  St.  Elias  Oil  Co.  drilled  well  No.  9  on  the  patented 
claim  and  well  No.  10  (same  as  No.  109,  PI.  IV)  on  Redwood  No.  12 
claim.  The  refinery  was  operated  as  usual.  The  Alaska  Coal  Oil 
Co.  continued  its  efforts  to  shut  off  the  water  and  recover  the  oil  in 
its  well  on  Mirror  Slough.  Some  of  the  pending  claims  were  sur- 
veyed preparatory  to  application  for  patent. 

In  1916  two  productive  wells  (Nos.  11  and  12)  were  drilled  on  the 
patented  claim  and  well  No.  13  was  begun. 

In  1919  well  No.  13  was  finished  and  well  No.  14,  also  on  the  pat- 
ented claim,  was  drilled  to  a  depth  of  1,410  feet. 

From  1901  to  1919,  inclusive,  31  wells  have  been  drilled  in  the 
Katalla  field.  On  the  patented  claim  (see  PI.  II)  16  wells  have  been 
drilled  to  depths  of  200  to  1,810  feet.  Oil  was  obtained  in  10  wells 
(Nos.  1,  2,  3,  4,  5,  7,  8, 11, 12,  and  13),  of  which  Nos.  8  and  2  ceased 
to  be  pumped  in  1907  and  1919,  respectively.  Three  wells  (Nos.  A, 
C,  and  6)  were  abandoned  at  shallow  depths  because  of  accidents. 
Two  wells  (Nos.  B  and  9)  should  be  classed  as  dry  holes,  and  one 
well  (No.  14)  has  not  yielded  any  oil  but  is  not  yet  finished.  On 
the  claims  f ormjerly  held  by  the  Alaska  Development  Co.  between  the 
patented  claim  and  the  mouth  of  Bering  River  5  wells  (Nos.  103, 
104, 106,  108,  and  109,  PI.  IV)  have  been  drilled.  The  well  on  Bed- 
wood  No.  11  claim  (No.  108)  and  one  of  the  wells  (No.  105)  on  Chil- 
kat  No.  11  claim  are  probable  producers.  There  is  some  oil  and  gas 
in  the  other  well  (No.  104)  on  Chilkat  No.  11  claim.  The  well  (No. 
103)  on  Chilkat  No.  10  claim  was  probably  abandoned  at  a  shallow 
depth  because  of  accident.  The  well  (No.  109)  on  Redwood  No.  12 
claim  is  nonproductive.  The  remaining  10  wells  were  drilled  by  five 
companies  in  various  parts  of  the  field.  Three  of  them  (No.  Ill  on 
Katalla  River,  No.  106  on  Strawberry  Harbor,  and  No.  102  on  Bering 
River)  are  situated  on  the  mud  flats  and  were  abandoned  without 
reaching  bedrock.  The  well  on  Mirror  Slough  (No.  115),  which  has 
encountered  some  oil  and  gas,  is  not  regarded  by  the  owners  as  fin- 
ished. The  remaining  six  wells  (Nos.  101, 107, 110, 112, 113,  and  114) 
are  all  nonproductive  and  were  abandoned  at  various  depths  down 
to  1,710  feet.  Descriptions  of  the  wells  are  given  on  pages  21-25. 
The  total  petroleum  output  of  the  Katalla  field  from  1904  to  the 
end  of  1919  is  believed  to  be  about  56,000  barrels,  valued  at  about 
$270,000. 

Casing-head  gas  is  obtained  from  most  of  the  productive  wells  on 
the  patented  claim.  It  is  used  for  power  and  domestic  heat  and  light 
at  the  oil  camp.  The  quantity  of  gas  is  probably  in  excess  of  these 
needs,  but  no  further  use  is  now  feasible  because  of  the  lack  of  a  local 
market. 
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OBMISRAL  FEATUKBS. 


In  the  Controller  Bay  region  (see  PI.  IV)  there  are  some  igneous 
and  metamorphic  rocks  probably  of  pre-Tertiary  age,  a  great  thick- 
ness of  thoroughly  consolidated  and  highly  folded  Tertiary  sedimen- 
tary rocks,  which  include  the  oil-bearing  rtrata,  and  a  large  area  and 
great  thickness  of  Quaternary  alluvial  deposits.  The  general  suc- 
cession of  rocks  in  the  Controller  Bay  region,  including  both  the 
Katalla  oil  field  and  the  adjacent  Bering  River  coal  field,  is  shown  in 
the  following  table : 

OenenU  section  of  rocks  of  the  Controller  Bay  region. 


Age. 

Formation. 

Character  of  roeks. 

Thickness. 

QnmUnmrj, 

Stream  deposits,  probably  in  part  under- 
lain by  marine  sediments. 

Sediments  and  abandoned  beacfaes  of 
glacial  lakes. 

Morainal  deposits. 

ICarlne  silt  and  olay. 

Feei. 
0-^600^ 

O-lOOdb 

100 

TertlAry  or  later. 

Diabase  and  basalt  dikes. 

• 

Toknn  foRnatioo. 

Sandstone. 
Shale. 

mo 
2,000+ 

Kushtaka  formatioo. 

Arkose  with  many  coal  beds. 

2,500i: 

TmUuj. 

BtiUwater  formatioo. 

Shale  and  sandstone. 

i,ooo± 

• 

Katalla  formation.o 

CoDglomerates,    and    sandstones    and 
shales,  some  of  which  are  conglomeratic. 

Sandstone. 

Shale,  concretionary  and  with  a  glau- 
oonitio  bed  at  the  base. 

Sandstone. 

Shale. 

2,500 

son 

2,000 

1,000 
600+ 

Pre-Tertiary. 

Qraywacke,  slates,  and  igneous  rocks. 

• 

•  The  position  of  the  Katalla  focmatton  with  refaiwice  to  the  other  Tertiary  flonnations  is  not  deflnitely 
established. 

FRE-TBRTIART  ROCKS. 

The  metamorphic  rocks  of  the  Controller  Bay  region  crop  out  in 
two  areas.  One  of  these  areas  covers  all  of  Wingham  Island  except 
its  narrow  southeastern  point,  and  the  other  is  west  of  Katalla,  in 
Bagged  Mountain.  The  rocks  consist  of  black  slates  having  well- 
developed  cleavage,  graywacke,  chert,  a  variety  of  highly  colored  fine- 
grained rocks  of  uncertain  origin,  and  greenstone  and  other  igneous 
rocks,  which  probably  include  both  bedded  and  intrusive  masses. 
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The  observed  contacts  with  the  Tertiary  rocks  are  faults,  and 
these  rocks  are  probably  in  both  areas  overthrust  upon  the  Tertiary 
sediments. 

TERTEABT  BOCKS. 

Most  of  the  consolidated  rocks  of  the  Katalla  oil  field  have  been  in- 
cluded in  tiie  Katalla  formation,  which  occupies  the  hilly  area  south 
of  Bering  Lake  between  Bering  and  Katalla  rivers  and  the  low  hills 
between  the  base  of  the  steep  eastern  slope  of  Ragged  Mountain  and 
Katalla  River.  Rocks  that  are  probably,  in  part  at  least,  equivalent 
to  these  crop  out  in  Gandil  Mountain,  Nichawak  Mountain,  Mount 
Campbell,  and  the  neighboring  small  hills  of  the  Nichawak  region, 
on  Kayak  Island  and  on  the  southeastern  point  of  Wingham  Island, 
in  the  low  hills  west  of  Bering  Lake,  possibly  in  parts  of  the  region 
north  and  northeast  of  Bering  Lake,  and  in  the  low  hills  between 
Sagged  Mountain  and  the  mouth  of  Copper  River. 

The  Katalla  formation  is  composed  of  shales,  sandstones,  and  con- 
glomerates. The  section  has  not  been  definitely  established  but  seems 
to  be  as  follows : 

Qeneralized  section  of  Katalla  formation  in  hilU  south  of  Bering  Lake. 

Feet. 
Conglomerate    and    conglomeratic    sandstone    Interbedded 

with  shale  and  sandstone 2, 500 

B'iaggy  sandstone 500± 

Soft  Shale  with  calcareous  concretions  and  with  bed  of 

glauconitic  sand  near  base 2, 000 

Sandstone   1, 000 

Soft  shale 500+ 

The  shales  that  constitute  the  bulk  of  the  formation  are  soft,  dark, 
and  argillaceous,  in  places  with  many  limestone  concretions  and  with 
"at  least  one  bed  of  glauconitic  sand. 

The  formation  seems  to  include  two  massive  and  prominent  beds 
of  sandstone.  One  of  these  overlies  the  thickest  and  most  prominent 
bed  of  shale ;  the  other  imderlies  the  same  bed  and  is  in  turn  under- 
lain by  a  bed  of  shale  that  resembles  the  thicker  shale  above  it.  It 
is  possible,  however,  that  the  beds  are  duplicated  by  faulting  and 
that  the  supposed  lower  sandstone  and  shale  are  a  repetition  of  the 
sandstone  and  shale  above. 

The  upper  sandstone  is  overlain  by  conglomerates,  sandstones,  and 
shales,  apparently  of  great  thickness.  The  conglomerates,  though 
massive,  are  irregular  in  extent  and  position  and  grade  locally  into 
pebbly  sandstone  or  shale  or  into  rock  containing  no  pebbles.  The 
more  typical  of  the  conglomerates  contain  usually  well-rounded  but 
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UDSorted  pebbles  and  boulders  of  granite,  greenstone,  gneiss,  and 
other  rocks  and  minerals.  The  material  making  up  the  conglomerate 
ranges  in  size  from  that  of  very  coarse  sand  to  that  of  large  boulders, 
but  most  of  it  is  less  than  6  inches  in  diameter.  The  boulders  ex- 
amined show  no  glacial  facets  or  scratohes.  The  matrix  consists  of 
fine  shale,  sandstone,  and  arkose. 

The  Katalla  formation  contains  numerous  poorly  preserved  fossils, 
which  are  clearly  Tertiary  but  which  do  not  indicate  with  certainty 
any  precise  horizon  within  the  Tertiary,  though  they  are  probably 
Miocene.  The  paleontologic  evidence  of  the  age  of  the  Katella  forma- 
tion that  was  gathered  when  the  detailed  survey  of  the  region  was 
made  has  already  been  published.*  The  only  additional  evidence  was 
obtained  from  a  small  lot  of  fossils  contained  in  a  boulder,  probably 
derived  from  the  Katalla  formation,  which  the  writer  found  in  the 
bed  of  Bedwood  Creek  in  1917  and  on  which  W.  H.  Dall  has  reported 
as  follows : 

The  sheUs  (contained  in  the  fragments  of  a  concretion)  are  all  of  one  species 
of  Paeudamuaium,  namely,  P.  peckhami  Gabb,  of  the  Miocene  Monterey  horizon. 
They  appear  to  be  identical  with  Galifomia  specimens. 

The  nx^  on  the  shore  of  Mirror  Slough  consist  chiefly  of  gray- 
wacke  or  highly  indurated  arkosic  sandstone  interbedded  with  some 
shale  or  slate.  Most  of  the  observed  exposures  consist  of  graywacke 
or  arkose.  This  may  mean  either  that  the  graywacke  or  arkose  is 
the  dominant  rock  in  the  area  or  that,  being  more  resistant  than  the 
argillaceous  beds,  it  makes  most  of  the  outorops.  These  rocks,  in 
the  writer's  opinion,  were  originally  not  unlike  the  more  sandy  beds 
of  the  Katalla  formation  and  may  possibly  be  correlated  with  them. 
They  differ  from  those  beds  chiefly  in  being  slightly  more  metamor- 
phosed. They  are  also  not  unlike  some  of  the  less  metamorphosed 
gray  wackes  of  the  Orca  and  Valdez  groups  of  Prince  William  Sound. 
No  evidence  of  the  age  of  these  rocks  has  been  obtained,  except  from 
several  small  lots  of  fossil  plants  collected  by  the  writer  in  1917  from 
exposures  of  arkose  and  argillite  near  the  mouth  of  Mirror  Slough. 
F.  H.  Knowlton  has  submitted  the  following  statement  concerning 
these  fossils : 

This  material  includes  about  a  dozen  pieces  of  hard  arkosic  matrix  exhibit- 
ing  only  pieces  of  bark,  fragments  apparently  of  monocotyledonous  stems,  and 
fragments  of  some  grasslike  leaves.  The  question  to  be  decided  is  whether  this 
material  is  Mesozoic  or  Tertiary  in  age.  It  is  absolutely  impossible  to  decide 
this  point  with  certainty,  but  from  the  resemblance  of  the  grass  leaves  to 
many  I  have  seen  from  the  Kenai  formation  I  might  hasard  the  guess— it  can 
hardly  be  more— that  it  is  probably  Tertiary.  If  it  belong  In  the  Mesozoic  at 
all  I  should  presume  it  to  be  late  Mesozoic.  I  must  add  that  very  little  weight 
should  be  attached  to  this  rejiort 

O.  C.  Geology  and  mineral  resources  of  the  Controller  Bay  region,  Alaska: 
Carrey  BolL  886,  pp.  28-30,  88-41,  190a 
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Several  small  basalt  or  diabase  dikes  have  been  found  in  the  hills 
south  of  Bering  Lake.  A  diabase  dike  on  the  crest  of  the  hill  be- 
tween Katalla  River  and  Clear  Creek  is  about  20  feet  wide  and 
several  hundred  feet  long.  It  is  the  largest  dike  seen  in  the  Tertiary 
rocks  of  the  mainland. 

QUATERNABY  DEPOSITS. 

The  east  shore  of  Bering  River  and  of  Controller  Bay  from  the 
margin  of  Bering  Glacier  to  the  ocean  is  a  flat  plain  of  mud,  sand, 
and  gravel,  which  is  constantly  growing  by  the  addition  of  sediment 
deposited  by  glacial  streams  along  their  courses  and  at  their  mouths. 
Nichawak  Mountain,  Mount  Campbell,  Oandil  Mountain,  and  the 
Suckling  Hills  rise  like  islands  from  this  plain,  and  a  very  short 
time  ago  they  were  islands  in  an  older  eirtension  of  Controller  Bay 
that  has  been  filled  by  the  sediment  of  these  glacial  streams.  These 
fluviatile  deposits  cover  large  areas  in  the  Copper  River  delta,  which 
extends  into  the  west  end  of  the  district  here  described.  The  valley 
of  Katalla  River  and  of  the  streams  that  head  near  it  and  flow  into 
Bering  Lake  is  floored  with  similar  material,  as  are  also  the  lower 
courses  of  most  of  the  other  streams  that  enter  Controller  Bay. 
These  unconsolidated  deposits,  some  of  which  are  of  fluviatile  origiu, 
are  known  from  well  borings  (see  pp.  24r-25)  to  have  a  thickness  of 
more  than  580  feet  at  one  point  on  Bering  River  and  of  more  than 
280  feet  in  the  Katalla  Valley. 

The  beaches,  bars,  and  islands  which  the  ocean  waves  are  building 
along  these  shores  are  composed  largely  of  reworked  fluviatile  and 
glacial  material  and  are  in  part  contemporaneous  with  the  stream 
deposits.  They  include  Okalee  Spit,  Kanak  Island,  the  beach  from 
Strawberry  Point  to  Katalla,  Softuk  Bar,  and  the  long  line  of 
islands  that  extend  across  the  front  of  the  Copper  River  delta. 

STRUCTURE. 

The  rocks  of  the  Controller  Bay  region  are  much  folded  and  in 
some  places  faulted.  They  have  a  general  northeast  strike  and  a 
northwest  dip,  but  the  strike  and  dip  vary  sharply  and  irregularly 
from  place  to  place,  the  rocks  having  evidently  been  involved  in 
violent  crustal  movements.  Though  the  structure  in  areas  of  uni- 
form monoclinal  dip  appears  at  first  to  be  simple,  a  closer  study 
shows  that  much  of  the  simplicity  is  only  apparent  and  that  the 
structure  is  extremely  complex.  The  problems  involved  are  difficult, 
and  it  must  be  admitted  not  only  that  our  present  knowledge  of  the 
structural  details  in  most  of  the  area  is  incomplete  and  unsatisfactory 
but  that  even  the  broader  scheme  of  the  structure  is  not  definitely 
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known.  Numerous  faults  were  noted  and  there  are  doubtless  others, 
and  faulting  has  probably  played  a  large  part  in  the  development  of 
the  structure. 

The  peninsula  south  of  Bering  Lake  shows  considerable  diversity 
of  structure.  In  the  region  east  of  Burls  Creek  the  strike  is  north 
and  northeast  and  the  dips  are  both  east  and  west.  An  anticline  ex- 
tends along  the  canyon  of  Giilkat  Creek,  and  its  western  flank  is 
broken  by  a  fault.  East  of  this  anticline  there  are  several  minor 
folds,  the  most  noticeable  being  a  closely  compressed  syncline,  which 
extends  diagonally  across  the  south  end  of  the  ridge  east  of  Chilkat 
Creek  and  is  shown  on  the  map  by  the  position  of  a  belt  of  sandstone. 
The  west  bank  of  Bering  Biver  in  its  lower  course  is  probably  on  the 
line  of  a  fault. 

The  valley  of  Burls  Creek  and  the  hills  northeast  of  it  contain 
several  folds,  which  are  revealed  by  the  sinuous  boundary  of  the  shale 
and  sandstone.  These  folds  descend  into  the  valley  of  Burls  Creek 
and  die  out  or  are  cut  off  by  a  fault  along  the  steep  western  side  of 
the  valley. 

On  the  hills  between  Burls  and  Redwood  creeks  an  anticline  ex- 
tends northeastward  through  the  headwaters  of  Split  Creek.  North 
of  this  anticline  is  a  spoon-shaped  syncline,  which  is  separated  from 
the  anticline  by  a  faiilt.  South  of  the  anticline  the  monoclinal 
southerly  dip  continues  to  the  edge  of  the  flats  bordering  Controller 
Bay.  The  structure  of  this  area  is  shovm  on  Plate  IV.  Possibly 
the  valley  of  the  upper  east  fork  of  Redwood  Creek  contains  a  fault 
that  has  caused  a  repetition  of  the  shales  and  sandstones.  If  this 
fault  exists,  the  shale  in  the  valley  of  Split  Creek  is  the  same  as  that 
on  the  headwaters  of  Redwood  Creek,  and  the  sandstone  on  the  ridge 
north  of  Redwood  Creek  is  the  same  as  the  sandstone  underlying  the 
conglomerate  on  the  ridge  south  of  it.  Another  possibility  is  that 
the  upper  valley  of  Redwood  Creek  and  the  ridge  north  of  it  each 
contain  a  closely  compressed  and  overturned  anticline  and  syncline 
which  would  cause  a  repetition  of  the  beds  similar  to  that  which 
would  be  made  by  faulting.  The  shales  and  sandstones  are  near 
enough  alike  to  admit  of  this  possibility,  but  the  fault  or  folds  have 
not  been  found,  and  the  presence  of  two  shales  and  two  sandstones 
is  indicated  in  other  localities. 

The  fact  that  the  sandstones  and  conglomerates  east  of  Redwood 
Creek  are  not  found  west  of  it  indicates  that  a  large  fault  extends 
along  the  course  of  the  creek.  At  the  south  end  of  the  range  of  hills 
between  Redwood  Creek  and  Katalla  River  there  is  an  irregular 
syncline,  and  immediately  west  of  it  there  are  several  small,  closely 
compressed  folds. 

An  anticline  possibly  lies  southeast  of  this  fold  extending  south- 
westward  from  a  point  near  the  oil  drillers'  camp  at  Redwood,  where 
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it  is  probably  cut  off  by  the  Kedwood  Creek  fault  to  a  point  near 
the  head  of  Katalla  Slough.  The  north  end  of  the  ridge  west  of 
Bedwood  Creek  has  a  monoclinal  southeasterly  dip. 

The  rocks  of  the  crescent-shaped  hill  that  extends  from  Cave 
Point  to  Point  Hey  have  a  curving  strike  parallel  to  the  crest  of  the 
hill  and  a  dip  toward  its  concave  seaward  face.  This  appears  to  be 
the  end  of  a  seaward-pitching  syncline,  of  which  only  the  nose  re- 
mains above  the  ocean.  v 

The  rocks  between  Katalla  River  and  the  base  of  the  steep  eastern 
slope  of  Ragged  Mountain  have  a  general  northeast  strike  and  a 
diversity  of  dips  which  have  not  been  interpreted.  The  base  of  the 
steep  mountain  slope  mentioned  above  lies  on  the  line  of  contact  be- 
tween the  Katalla  formation  and  the  metamorphic  rocks.  The  latter 
strike  east,  have  steep  and  diverse  dips,  and  are  considered  to  be 
overthrust  upon  the  younger  shales  of  the  Katalla  formation. 

PETBOLEXmC. 
WELLS. 

Oil  has  been  obtained  in  12  or  14  of  the  31  wells  that  have  been 
drilled  in  the  Katalla  field  (see  pp.  21-25) ,  10  of  which  have  produced 
it  in  commercial  quantities.  Seven  of  these  31  wells  were  abandoned 
at  shallow  depths  and  10  or  12  were  nonproductive.  Most  of  the 
systematic  search  for  petroleimi  has  been  made  within  the  small 
area  (151  acres)  of  the  single  patented  claim  (see  PI.  II),  where 
there  are  16  wells,  which  include  all  that  have  been  pumped  and  most 
of  those  that  haye  encoimtered  oil.  About  28,431  feet  of  drilling 
has  been  done  in  the  field,  13,308  feet  of  which  was  on  the  patented 
claim.  The  31  wells  in  the  field  range  in  depth  from  100  to  1,810 
feet  and  average  917  feet;  the  12  productive  wells  range  in  depth 
fronk  366  to  1,130  feet  and  average  885  feet.  Neither  the  field  as  a 
whole  nor  any  part  of  it,  except  possibly  the  patented  claim,  has 
been  adequately  tested  with  the  drill. 

In  the  following  account  of  the  wells  drilled  in  the  district  the 
numbers  and  letters  by  which  the  wells  are  designated  correspond 
to  numbers  and  letters  on  Plate  IV  and  figure  1,  showing  the  geo- 
graphic positions  of  these  wells.     (See  also  PI.  II.) 

No.  A.  Near  bead  of  Katalla  Slough.  Drilled  in  1901  to  a  depth  of  270 
feet^  and  abandoned  because  of  loss  of  tools,  without  producing  oil,  although 
It  has  been  stated '  that  some  oil  was  found. 

No.  1.  Near  head  of  Katalla  Slough.  Drilled  in  1902  to  a  depth  of  366  feet, 
where  a  flow  of  oil  was  obtained.    Drilled  to  550  feet  In  1903,  without  further 


*  Olipbant,  F.  H.,  The  production  of  petroleum  in  1901 :  U.  S.  Oeol.  Survey  Mineral 
Retoofces,  1901,  p.  208,  1902  (not  in  bound  Tolume). 

*  Oliphant,  F.  H.,  Petroleum :  U.  8.  Geol.  Surrey  Mineral  Resources,  1903  p.  G91,  1904. 
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reBults.  In  1904  this  well  was  pumped  to  obtain  fuel  for  use  at  the  other  wells 
of  the  same  company.  In  1906  and  1906  the  well  remained  capped,  but  the  oil 
oosed  from  around  the  casing.  The  well  was  pumped  to  get  local  fuel  in  1906 
and  1907,  and  it  has  bem  a  continuous  producer  since  the  refinery  was  placed 
in  operation  in  1912.    It  yields  considerable  gas. 

The  fiollowing  Is  a  record  of  this  well  given  by  the  Alaska  Steam  Coal  & 
Petroleum  Syndicate  and  reported  by  F.  H.  Oliphant:' 

Record  of  well  No.  1,  near  heati  of  KataUa  Slough. 


Snrboe  drift 

DeoomposBd  shale 

UglitoolorMi  shale 

FlofrfraiDed  sandstone,  oontainizig  6-inch  bed  of  coal 

Dark  shale.  Tery  hard,  including  0  inches  of  quarts  containing  iron  pyrites . 

Ollsand;  flow  of  oU 

Leogth  of  13-Jncli  casing 

Lo^  of  9f-inch  casing 


Thick- 
ness. 


Feet. 
6 
10 
140 

m 


Depth. 


Feet 


16 
166 
174i 
866 

866 
220 
840 


According  to  Mr.  Oliphant  the  drill  encounters  numerous  small  showings  of 
petroleum  and  natural  gas  and  at  366  feet  struck  a  large  quantity  of  oil,  which 
flowed.   The  well  is  said  to  have  continued  to  flow  until  it  was  capped. 

No.  2.  Near  head  of  KataUa  Slough.  Drilled  in  1903  to  a  depth  of  about 
1,000  feet.  Said  to  have  obtained  oil  at  a  depth  of  about  700  feet.  Pumped 
from  1912  to  1919,  yielding  a  small  quantity  of  oil  but  no  gas.  Abandoned  in 
1919. 

No.  3.  Near  head  of  Katalla  Slough.  Drilled  in  1004  to  about  000  feet.  In 
1905  and  1906  this  well  remained  capped,  but  the  oil  squirted  at  times  lu  strong 
Jets  ^^m  the  casing.  The  well  was  pumped  for  fuel  in  1907  and  1908  and  has 
been  a  constant  producer  since  1012.    It  yields  a  small  amount  of  gas. 

No.  B.  Near  head  of  Katalla  Slough.  Drilled  to  an  unknown  depth  in  1904. 
No  oil  so  far  as  known. 

No.  G.  In  1903  a  derrick  was  erected  on  this  site  and  in  1904  a  well  was 
probably  drilled.    No  oil  was  obtained. 

No.  4.  Drilled  in  1912  to  a  depth  of  600  feet,  obtaining  oil  between  400  and 
500  feet.    The  well  has  been  pumped  since  1912,  yielding  both  oil  and  gas. 

No.  5.  Drilled  in  1912  to  a  depth  of  about  1,000  feet.  A  small  quantity  of 
oil  was  obtained  at  650  feet  and  the  main  flow  at  800  feet.  This  well  is  one  of 
the  larger  producers  of  oil  on  the  patented  claim  and  it  also  yields  some  gas. 

No.  6.  Drilled  in  1912  to  a  depth  of  100  or  200  feet  and  abandoned  without 
obtaining  oil  because  of  the  loss  of  the  rotary  bit. 

No.  7.  Drilled  in  1912  to  a  depth  of  645  feet.  Small  showings  of  oil  were 
obtained  from  300  to  450  feet  and  the  main  flow  was  struck  at  450  feet.  Yields 
both  oil  and  gas. 

No.  8.  Drilled  in  1913  to  a  depth  of  about  1,100  feet.  A  small  quantity  of  oil 
was  obtained  between  700  and  800  feet.  The  well  was  pumped  in  January,  1917, 
but  not  since  then.    It  yielded  some  gas. 

No.  9.  Drilled  in  1917  to  a  depth  of  1,810  feet  Some  oil  was  obtained  at  650 
and  1,000  feet,  but  not  enough  for  pumping.  The  well  yields  a  small  quantity 
of  gas  from  a  depth  of  350  feet. 


*  The  production  of  petroleum  in  1902 :  U.  8.  Geol.  Survey  Mineral  Resources,  p.  688, 
1008. 
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No.  11.  Started  June  6, 1018,  and  finished  July  9, 1918.  Drilled  to  a  depHi  of 
1,130  feet,  entirely  In  shale.  Produces  about  8  barrela  a  day.  The  well  is  on 
daim  No.  1  and  is  about  350  feet  from  w^  No.  4  and  in  line  between  well  No.  4 
and  the  northeast  comer  of  the  claim.  Oil  was  obtained  at  400  feet  and  from 
500  to  1,000  feet,  and  gas  at  380  and  475  feet 

No.  12.  Started  July  27  and  fini^ed  September  7, 1918.  Drilled  to  a  depth  of 
908  feet,  entirely  through  shale.  This  well  produced  about  8  barrels  a  day.  It 
is  about  350  feet  northeast  of  well  No.  11,  on  daim  No.  1.  It  struck  a  slight 
showing  of  oil  at  330  feet,  a  slight  increase  at  480  ftet,  and  a  big  increase  at 
500  feet 

No.  13.  Started  in  September,  1918,  and  finished  in  June,  1919.  Drilled  to  a 
depth  of  900  feet,  entirely  through  shale.  Produces  about  20  barrels  a  day. 
This  well  is  350  feet  northeast  of  well  No.  12,  on  claim  No.  1.  The  first  oil  ob- 
tained in  this  well  was  struck  at  635  feet  and  a  strong  fiow  at  770  feet  Gas 
was  obtained  at  037  feet 

No.  14.  Started  in  July,  1919,  and  drilled  to  a  depth  of  1,410  feet  DrilUng 
discontinued  Noy^nber  1,  1919,  for  the  winter.  This  well  is  about  350  feet 
northeast  of  well  No.  13,  on  claim  No.  1,  and  is  drilled  entirely  through  shale. 
A  little  gas  and  a  showing  of  oil  were  found  in  this  well,  but  no  *'  pay."  This 
well  was  drilled  to  2,265  feet  in  1920,  but  no  oil  was  obtained. 

No.  15.  Derrick  erected  in  1920  and  drilling  was  probably  started  in  the  fall. 

No.  la  Drilled  in  1920  to  a  depth  of  740  feet  Some  oil  is  produced.  Oil  was 
obtained  at  365  feet,  510  feet  and  740  feet    The  greatest  yield  was  at  740  feet 

No.  101.  The  so-called  Rathbun  well,  on  the  west  shore  of  Bering  Lake,  was 
drilled  in  1905  and  1906  to  a  reported  depth  of  about  1,700  feet  Drilling  was 
frequently  Interrupted  by  accidents  to  the  machinery.  It  is  not  known  that  any 
oil  was  obtained. 

No.  102.  East  shore  of  Bering  River.  Begun  in  1908.  Aband<Mied  without 
reaching  bedrock  at  a  depth  of  580  feet  because  of  difllculty  in  sinking  casing 
through  the  mud. 

No.  103.  Chllkat  Creek  on  Chllkat  No.  10  claim.  Drilled  In  1904  to  a  depth  of 
about  400  feet  and  said  to  have  been  abandoned  because  of  the  loss  of  tools. 
No  oil,  gas,  or  water  is  to  be  seen  in  the  casing,  and  It  is  said  that  no  oil  or  gas 
was  obtained. 

No.  104.  Edge  of  tidal  fiats  1  mile  west  of  mouth  of  Bering  River  on  Chllkat 
No.  11  daim.  Drilled  in  1904  to  a  depth  of  600  or  700  feet  It  is  said  that  the 
well  was  abandoned  because  the  tools  were  lost  in  it  Water  now  stands  near 
the  top  of  the  casing.  Gas  bubbles  through  the  water  almost  continuously,  and 
it  is  said  that  globules  of  oil  occasionally  rise  to  the  surface. 

No.  105.  Edge  of  tidal  fiats  a  short  distance  northwest  of  No.  104  on  Chllkat 
No.  11  claim.  Drilled  in  1904  to  a  depth  of  about  800  feet.  Oil  now  stands  near 
the  top  of  the  casing.  Small  but  continuous  fiow  of  gas.  The  amount  of  oil  has 
not  been  estimated.  The  well  has  never  been  pumped,  but  it  is  reported  that  oil 
has  been  bailed  from  it  for  local  use. 

No.  106.  Clarence  Cunnlngham*s  well  No.  1,  on  Strawberry  Harbor.  The 
d^Tick  was  built  on  piling  about  1,000  feet  ofCshore.  Casing  sunk  deep  Into 
the  mud  in  1904  without  reaching  bedrock. 

No.  107.  Clarence  Cunningham's  well  No.  2,  on  Strawberry  Harbor.  Drilled 
several  hundred  feet  in  1904  without  obtaining  oil. 

No.  108.  Tributary  of  Redwood  Creek  on  Redwood  No.  11  claim.  Drilled  to 
a  depth  of  about  1,000  feet  In  1904.  Oil  now  stands  a  few  feet  below  the  top  of 
the  casing.  The  quantity  of  oil  is  not  known,  as  the  well  has  never  been 
pumped. 
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Na  100.  Tbis  Is  well  No.  10  of  the  Ghllkat  Oil  Go.  and  Is  on  Redwood  No.  12 
dalm.  Drilled  in  1917  to  a  depth  of  1,613  feet  Small  quantities  of  oil  were 
foand  at  depths  of  1,050,  1,230,  and  1,613  feet,  and  of  gas  at  260,  290,  460,  and 
1,520  feet    The  well  was  abandoned  because  of  caving. 

No.  110.  Alaska  Petroleum  &  Goal  Go.'s  well  No.  1,  between  the  head  of 
Katalla  Slough  and  Gave  Point  Drilled  In  1903  to  1,710  feet  and  abandoned 
because  limit  of  outfit  was  reached.  No  flow  of  oil  was  found,  but  it  is  said 
that  a  little  oil  was  brought  up  in  the  bailer  from  time  to  time. 

Na  111.  Alaska  Petroleum  &  Goal  Go.'s  well  No.  2,  on  Katalla  River.  Gasing 
sunk  to  a  depth  of  280  feet  in  1903  without  reaching  bedrock. 

No.  112.  Alaska  Petroleum  &  Goal  Go.'s  well  No.  3,  near  Katalla.  Drilled 
in  1904  to  a  depth  of  about  1,500  feet 

No.  113.  Alaska  Petroleum  &  Goal  Go.*s  well  No.  4,  near  Katalla.  This  well, 
which  is  very  near  the  site  of  well  No.  3,  was  drilled  in  1905  and  1906  to  a 
depth  probably  exceeding  1,500  feet 

No.  114.  Alaska  Petroleum  &  Goal  Go.'s  well  No.  5,  on  the  west  line  of  Bangor 
No.  8  dalm  and  the  east  line  of  Tuttle  No.  3  claim,  was  drilled  to  a  reported 
depth  of  1,600  feet  in  1907.    It  is  said  that  no  oil  was  found. 

No.  115.  Alaska  Goal  Oil  Co.'s  well  No.  1,  on  the  south  line  of  the  Alhambra 
Na  2  and  the  north  line  of  the  Grescent  No.  2  claim  on  Ml^or  Slough.  This 
well  was  b^un  in  1911  and  had  been  drilled  in  1917  to  a  depth  of  1,040  feet 
Oil  and  gas  were  encountered  at  700  feet  In  1917  an  attempt  was  being  made 
to  bail  out  and  shut  off  the  water.  A  small  quantity  of  oil  was  brought  up  in 
the  bailer  and  there  was  a  strong  flow  of  gas  whenever  the  pressure  of  the 
water  was  reduced. 

SEEPAGES. 
OOOITBRZVOX. 

Petroleum  seepages  and  gas  springs  are  numerous  in  many  parts 
of  the  oil  belt,  and  the  flow  of  oil  or  gas  at  some  of  them  is  large. 
The  seepages  all  occur  (see  PI.  IV)  within  a  long,  narrow  belt  extend- 
ing from  the  edge  of  the  Copper  Biver  Delta  eastward  to  Bering 
Glacier,  a  distance  of  about  28  miles.  This  belt  is  very  narrow,  not 
more  than  4  miles  wide  at  any  known  point,  and  is  in  general 
parallel  to  the  coast.  Tlie  seepages  at  Yakataga  (see  pp.  37-38)  are  in 
a  belt  having  the  same  general  direction  and  lying  practically  in  line 
with  it.  Several  of  the  smaller  groups  of  seepages,  such  as  the 
group  on  Bedwood  Creek  and  at  the  head  of  Katalla  Slough,  and 
the  groups  on  Burls  Creek,  on  Chilkat  Creek,  and  in  the  Nichawak 
region,  have  a  distinct  linear  arrangement,  each  running  about  N. 
15°  E.    These  lines  coincide  with  the  directions  of  the  valleys. 

Several  large  oil  seepages  were  seen  by  the  writer  on  the  banks  of 
Mirror  Slough  near  the  mouth  of  Martin  River.  At  some  of  these 
the  petroleum  reaches  the  surface  through  the  clay  and  mud  of  the 
valley  floor,  and  a  large  quantity  has  accumulated  in  the  pools  on  the 
swampy  surface  and  in  the  soil.  The  nearest  outcrops  of  hard  rocks 
are  sandstones  or  graywackes,  probably  of  Tertiary  age  and  possibly 
belonging  to  the  Katalla  formation.    At  two  localities,  one  near  the 
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derrick  on  Crescent  No.  2  claim  and  one  near  Sinclair's  cabin,  about 
a  mile  east  of  the  derrick,  the  seepages  have  been  excavated  and 
small  but  continuous  flows  of  oil  obtained  from  bedrock. 

Seepages  were  also  seen  near  the  head  of  Mirror  Slough,  at  the 
base  of  Ragged  Mountain.  The  oil  here  reaches  the  surface  through 
soil  that  is  immediately  underlain  by  either  glacial  drift  or  by  talus 
or  landslide  debris.  The  underlying  rock  is  probably  slate  or  gray- 
wacke.  Another  seepage  about  a  mile  south  of  this  point,  in  a  canyon 
just  north  of  Bald  Mountain,  was  visited  by  the  writer.  The  oil  was 
here  seen  oozing  in  small  quantities  directly  from  the  joints  and  bed- 
ding planes  of  the  steeply  dipping  slate,  chert,  and  graywacke. 

Oil  is  reported  to  have  been  seen  in  large  quantities  on  the  surface 
of  the  water  of  the  small  ponds  and  the  creek  at  the  south  end  of  the 
town  of  Katalla  after  the  earthquake  of  1899.  The  surface  material 
consists  largely  of  rock  debris  derived  from  Ragged  Mountain,  and  is 
underlain  by  the  soft  shales  of  the  Katalla  formation. 

Numerous  and  copious  seepages  are  to  be  seen  in  the  vicinity  of 
the  wells  at  the  head  of  Katalla  Slough.  (See  PI.  V,  A.)  The  oil 
impregnates  the  soil  at  many  points  and  has  accumulated  in  large 
quantities  on  the  surface.  These  accumulations  are  chiefly  oil,  not 
residues,  such  as  those  at  the  California  brea  deposits. 

On  the  west  slope  of  the  valley  of  Redwood  Creek,  about  1|  miles 
northwest  of  the  mouth  of  the  creek,  near  a  well  (No.  108,  PI.  IV), 
oil  can  be  seen  coming  directly  from  soft,  fissile,  iron-stained  shale. 
The  shale  has  been  broken  into  small  angular  fragments  and  rece- 
mented  by  ferruginous  material.  This  recemented  rock  is  common 
at  or  near  seepages  in  these  shales  and  is  believed  to  be  a  fault  breccia. 
Here,  as  at  many  other  seepages,  sulphur  springs  are  associated  with 
the  oil.  Another  seepage  was  seen  near  the  headwaters  of  Redwood 
Creek,  where  oil  flows  directly  from  the  shale. 

It  is  reported  that  oil  may  be  seen  at  low  tide  in  the  beach  sands  on 
the  north  shore  of  Strawberry  Harbor.  The  rocks  in  the  vicinity 
are  sandstone  and  shale,  which  probably  belong  much  higher  in  the 
stratigraphic  column  than  the  soft  shale  found  at  the  seepages 
already  described. 

Several  seepages  occur  along  the  wagon  road  that  leads  from  the 
head  of  Katalla  Slough  to  the  mouth  of  Bering  River.  Two  of  these 
are  about  a  mile  and  a  half  west  of  Burls  Creek,  close  to  the  road. 
The  quantity  of  oil  at  one  of  these  seepages  is  large.  The  nearest 
visible  rock  is  steeply  dipping  conglomerate,  which  crops  out  a  few 
feet  away,  but  the  oil  can  be  seen  only  on  the  surface  of  the  soil,  its 
direct  source  not  being  visible.  At  the  other  seepage  in  this  locality 
a  tunnel  that  has  been  driven  into  the  hillside  reveals  a  small  but 
continuous  flow  of  oil  from  bedrock. 
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On  Barrett  Creek  above  the  wagon  road,  near  the  locality  last 
mentioned,  oil  flows  continuously  from  the  bedding  planes  and 
joints  of  the  rocks  exposed  in  the  bank  of  the  creek. 

In  the  upper  part  of  the  valley  of  Burls  Greek  there  are  many 
seepages  at  which  the  oil  oozes  directly  from  steeply  dipping  shales 
that  here  contain  a  large  quantity  of  glauconite,  which  gives  the 
rock  a  jbright-green  color.  Thin  sections  show  abundant  casts  of 
foraminifers  and  diatoms.  Large  calcareous  concretions  are  abun- 
dant, and  some  of  them  have  the  form  of  septaria  filled  with  calcite. 
Organic  remains  consisting  chiefly  of  moUusks  and  crabs  are  seen 
in  many  of  these  concretions.  The  soft  shale  also  is  rich  in  organic 
material,  some  beds  being  so  dark  as  to  resemble  impure  coal.  The 
writer  saw  no  coal  in  these  rocks,  however,  either  at  this  locality 
or  elsewhere.  The  rocks  at  this  point  seem  to  be  very  strongly  im- 
pregnated with  oil,  and  seepages  are  numerous,  but  large  surface 
accumulations  are  rare.  Broken  shale  recemented  by  ferruginous 
material  was  seen  here,  as  on  Redwood  Creek. 

Some  seepages  at  which  considerable  oil  has  accumulated  were 
seen  along  the  edge  of  the  tidal  flat,  close  to  the  wagon  road,  halfway 
between  Burls  Creek  and  the  mouth  of  Bering  River.  No  outcrops 
were  seen  near  these  seepages,  but  fragments  of  shale  indicate  the 
presence  of  beds  of  that  rock. 

Several  seepages  have  been  reported  from  Chilkat  Creek.  The 
largest  one  seen  by  the  writer  is  in  the  west  bank  of  the  creek  1^  miles 
above  the  forks  of  the  wagon  road.  The  oil  reaches  the  surface 
through  soft,  brecciated  shale  whose  beds  have  a  steep  westerly  dip. 
The  seepage  is  associated  with  a  black  sulphur  spring. 

Many  seepages  have  been  reported  in  the  group  of  hills  centering 
around  Nichawak  Mountain.  Those  seen  by  the  writer  were  small, 
but  the  oil  issued  directly  from  the  rock,  which  is  shale  resembling 
that  at  the  seepages  west  of  Bering  River.  Others  are  reported  to 
occur  on  the  banks  of  a  small  lake,  the  surface  of  which  is  said  to 
be  covered  at  times  with  oil.  The  most  conspicuous  seepages  are  on 
Kathleen,  Yuclaw,  and  Yakogelty  creeks.    (See  analysis,  pp.  31-32.) 

Seepages  have  been  reported  from  many  parts  of  the  Controller 
Bay  region,  but  some  of  them,  especially  those  seen  in  the  mud  on 
the  tidal  flats,  are  believed  to  be  only  decaying  organic  material  or 
films  of  iron  oxide.  Many  of  the  sulphur  springs  may  bear  no 
relation  to  any  accumulations  of  petroleum. 

Inflanmiable  gas  comes  to  the  surface  of  the  water  in  large  quan- 
tities at  several  places.  The  largest  of  the  "gas  springs"  seen  by 
the  writer  are  in  Mirror  Slough  and  in  Katalla  River.  The  gas 
from  the  spring  in  Mirror  Slough  will  furnish  a  large,  continuous 
Same.    It  issues  from  the  mud  on  the  bottom  of  the  slough.    Its 
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composition  is  not  known.  It  may  be  ordinary  swamp  gas  derived 
from  the  decay  of  organic  material  in  the  mud,  but  it  is  more  prob- 
ably a  true  natural  gas  derived  from  bedrock,  for  it  issu^  forth  in 
large  quantity  at  a  point  close  to  oil  seepages.  Most  of  the  pro- 
ductive oil  wells  and  several  of  the  nonproductive  wells  yield  con- 
siderable natural  gas.    (See  p.  15.) 

BIOVinCAVCX. 

A  petroleum  seepage  or  oil  spring  is  a  place  at  which  there  is  nat- 
ural escape  of  petroleum  to  the  surface,  either  directly  from  the  out- 
crop of  the  oil  sand  or  through  some  joint  or  fault  plane  or  crushed 
and  porous  zone  that  extends  from  the  oil  sand  to  the  surface.  As 
soon  as  the  oil  reaches  the  surface  it  either  dries  up  or  flows  away.  In 
the  cool,  moist  climate  of  the  Katalla  district  there  is  comparatively 
little  opportunity  for  residues  to  accumulate.  The  oil  is  washed 
away  rapidly,  so  that  at  most  of  the  seepages  no  residues  are  seen, 
and  the  oil  becomes  completely  dissipated  a  short  distance  from  its 
point  of  escape.  The  presence  of  residues  in  this  region  therefore 
means  either  that  large  quantities  of  oil  are  escaping  or  that  excep- 
tional conditions  prevent  the  oil  from  being  washed  away,  or  more 
probably  both.  At  some  places,  as  at  the  well-known  seepages  at  the 
head  of  Katalla  Slough,  large  quantities  of  absorbent  material,  such 
as  peat,  may  have  permitted  the  accumulation  of  residues.  As  the  oil 
at  the  surface  is  rapidly  washed  away  in  this  region  the  presence  of 
fresh  oil  in  the  soil  or  on  standing  or  running  water  generally  indi- 
cates that  its  immediate  source  is  close  at  hand.  At  most  of  the  ob- 
served seepages  either  close  inspection  of  the  natural  exposure  or  a 
small  amount  of  excavation  has  revealed  the  oil  issuing  from  bedrock. 
At  no  seepage,  even  where  the  quantity  of  oil  was  large,  did  the 
writer  see  the  oil  traveling  very  far,  for  it  is  soon  so  completely 
washed  away  as  to  be  unobservable.  It  may  be  safely  concluded 
that  any  large  quantity  of  fresh  oil  in  the  soil  or  on  standing  or 
running  water  in  this  district  has  its  immediate  source  within  a 
few  feet,  if  not  within  a  few  inches,  horizontally,  of  the  place  where 
it  is  observed.  Most  of  the  immediate  bedrock  sources  will  probably 
be  found  within  a  short  vertical  distance  of  the  point  where  the  oil 
comes  to  the  surface.  The  presence  of  a  residue  in  this  region  indi- 
cates that  oil  is  escaping  in  large  quantity  and  that  its  immediate 
source  is  directly  beneath  the  highest  point  on  the  surface  of  the 
residue.  The  ultimate  source  of  the  oil  within  the  bedrock,  however, 
can  be  determined  less  deBnitely. 

The  seepages  at  the  head  of  Katalla  Slough  and  on  Redwood,  Burls, 
and  Chilkat  creeks  are  all  in  the  soft  shales  that  compose  the  middle 
part  of  the  Katalla  formation.    Those  between  Kedwood  and  Burls 


KATALLA.  OB  COKTBOLLEB  BAY  OH.  FIELD.  29 

eteeb  ue  associated  with  conglomerates  of  piesumably  higher  posi- 
tion.  The  seepages  in  the  Nichawak  region  that  were  seen  by  the 
writer  are  in  shales  which  closely  resemble  the  soft  shales  just  re- 
ferred  to.  The  seepages  on  Mirror  Slough  and  at  the  neighboring 
localities  west  of  Katalla  are  in  an  area  of  highly  folded  sandstone 
or  graywacke  that  may  be  the  equivalent  of  part  of  the  Katalla  for- 
mation. 

The  position  of  the  seepages  with  reference  to  the  structural  fea- 
tures is  somewhat  uncertain.  The  seepages  west  of  Katalla  are  on 
steeply  folded  and  slightly  metamorphosed  beds  whose  detailed  struc- 
toral  features  have  not  been  determined.  The  group  of  seepages  on 
Bedwood  Creek  and  Katalla  Slough  is  apparently  close  to  a  fault. 

The  seepage  on  Burls  and  Bedwood  creeks  are  possibly  near  the 
axes  of  anticlines.  The  Bedwood  Creek  anticline,  if  it  exists,  is  prob- 
ably broken  near  or  west  of  its  axis  by  a  fault.  The  seepages  between 
fiorls  and  Redwood  creeks  are  on  monoclinal  beds  of  conglomerate. 
The  general  structure  in  the  Nichawak  region  has  not  been  deter- 
mined, but  the  beds  near  the  seepages  have  a  steep  dip  and  are  prob- 
ably closely  and  complexly  folded. 

It  seems,  therefore,  that,  although  small  groups  of  seepages  lie 
along  local  structural  lines,  the  general  occurrence  of  all  the  seepages 
in  a  long,  narrow  belt,  running  east  and  west,  diagonal  to  the  struc- 
ture and  to  the  belts  of  outcrop  of  the  various  kinds  of  rock,  is  unex- 
plained. The  existence  and  position  of  this  belt  of  seepages  must, 
however,  be  related  to  the  stratigraphy  and  structure  of  either  the 
surface  rocks  or  of  some  rocks  that  do  not  crop  out.  Among  the  sys- 
tems that  are  represented  at  other  localities  on  the  Pacific  coast  of 
Alaska  but  that  have  not  been  recognized  in  this  district  is  the 
Jurassic,  rocks  of  which  on  the  west  shore  of  Cook  Inlet  and  on  the 
Alaska  Peninsula  have  yielded  oil  (see  pp.  53,  66)  that  is  of  the  same 
kind  as  that  of  Controller  Bay  and  very  different  from  most  of  the 
Tertiary  oil  of  California  and  other  oil  fields  on  the  Pacific  coast. 
The  inference  naturally  follows  that  the  petroleum  of  Controller 
Bay  might  be  derived  from  Mesozoic  rocks  that  lie  beneath  Tertiary 
rocks. 

To  account  for  the  occurrence  of  the  oil,  however,  it  is  not  sufficient 
to  suppose  merely  that  it  is  derived  from  buried  Mesozoic  oil-bearing 
rocks,  for  if  these  have  the  same  structure  as  the  Tertiary  rocks  at 
the  surface  the  chief  difficulties  will  still  remain.  Nor  will  it  be  suf- 
ficient to  assume  that  the  Mesozoic  rocks  underlie  the  Tertiary  rocks 
unconformably,  for  then  the  Mesozoic  rocks  would  have  a  structure 
at  least  as  complex  as  that  of  the  Tertiary  rocks.  If,  however,  there 
was,  in  late  Tertiary  or  in  post-Tertiary  time,  a  zone  of  intense  de- 
formation that  lay  in  the  present  geographic  position  of  the  Chugach 
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Mountains  but  did  not  extend  into  the  coastal  part  of  the  region  here 
described;  if  the  Tertiary  rocks  that  now  crop  out  on  the  shore  of 
Controller  Bay  then  lay  well  to  the  north  of  their  present  position 
and  were  inyolved  in  this  deformation ;  and  if,  in  the  final  stage  of 
the  deformation,  the  Tertiary  rocks  rode  southward  in  one  or  more 
great  overthrusts  and  came  to  rest  upon  Mesozoic  strata  that  were 
at  a  distance  from  the  zone  of  intense  deformation  and  were  there- 
fore not  deformed,  we  should  then  have  in  the  present  Controller 
Bay  region  complexly  folded  rocks  at  the  surface  resting  upon  buried 
rocks  of  simpler  structure  and  perhaps  not  folded  at  all.  If  these 
possible  conditions  really  existed  a  fault  parallel  to  the  coast  and  to 
the  mountains  would  account  for  the  position  and  character  of  the 
shore  and  would  permit  oil  to  come  up  from  its  original  source  in  the 
possibly  nonfolded  buried  Mesozoic  rocks  to  its  present  apparent 
source  in  the  complexly  folded  Tertiary  rocks  at  the  surface.  The 
structure  of  the  underlying  rocks  and  the  position  of  the  fault  or 
faults  would  thus  determine  the  position  of  the  major  east-west  belt 
of  seepage,  and  the  structure  of  the  more  intricately  folded  rocks  at 
the  surface  would  determine  the  positions  and  the  details  of  the 
minor  northeast-southwest  groups  of  seepages. 

The  possibility  tentatively  suggested  above  removes  the  difficulty 
of  accounting  for  light-gravity  oils  in  complexly  folded  and  faulted 
rocks  and  explains  the  occurrence  of  the  seepages  in  a  narrow  zone 
diagonal  to  the  trend  of  the  folds,  parallel  to  the  mountains  along  the 
general  east-west  shore  line,  and  in  line  with  the  belt  of  seepages  at 
Yakataga.  This  possibility  should  be  borne  in  mind  in  further  local 
geologic  studies  or  in  interpreting  the  position  of  apparent  oil  sands 
in  wells  or  at  seepages.  It  should  be  noted,  however,  that  there  is 
no  reason  to  believe  that  any  such  possible  Mesozoic  oil-bearing  strata 
are  within  reach  of  the  drill.  If  present  at  all,  they  probably  lie  at 
great  depths. 

CHARACTER  OF  THE  PETROLEUlff. 

The  following  statement  concerning  the  character  of  the  oil  now 
being  obtained  from  the  productive  wells  has  been  furnished  by 
Dr.  A.  M.  Bateman : 

The  gravity  of  the  oil  is  from  41|'*to  45°  Baum^.  The  oil  Is  high  in  gasoline 
and  naphtha  and  has  a  paraffin  base.  Sulphur  Is  absent  The  recoverable  con- 
tent of  gasoline  and  distillate  Is  about  68  per  cent 

The  following  analyses  and  tests  of  samples  of  oil  from  wells  and 
seepages  in  the  Katalla  field  have  been  published.  The  samples  of 
seepage  oil  probably  have  not  the  same  properties  nor  do  they  yield 
so  large  a  proportion  of  the  more  volatile  constituents  as  the  ''  live '' 
oil  in  the  well& 
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Te9i  of  petroleum  from  weU  No.  i,  Katalla  Stough^ 


I^btObtiRiibj  fiber's 

Boute  (80*-i5D*  C.) 

Baraks  oa(IS0*-<300*  C). 


^Tttj  of  erode  ofl.. 


by  G.  C.  Hartin  from  well  No.  1  in  1903.    Analysis  and  statemnit  of  Dropvtks  bv 
Ponnu  A  Browne,  of  BalUmore.    Published  in  U.  S.  Q«oL  Survey  Boll.  2S0,  p.  57, 1905/ 

The  barning  oil  was  purified  by  concentrated  sulpharlc  acid  and  soda,  the 
volome  of  acid  used  up  being  too  small  to  measure.  The  parlfled  burning  oil 
«ra.«  put  into  a  small  lamp,  where  it  burned  dry  without  Incrustlng  the  wick  or 
i^rmding  the  l>amer,  and  without  any  marked  diminution  of  flame.  The  burn- 
ing oil  compares  very  faTorably  in  these  respects  with  Pennsylvania  oil  pre- 
pared hi  the  flame  way. 

Test  of  petroleum  from  well  No.  7,  Katalla  Slough,^ 

Specific  gravity  at  60*  F.,  0.7958=45.9**  Baum6. 

CV)ld  test :  Did  not  chill  at  3'  F.  below  zero. 

Distillation  : 

Below  150*  C.  naphtha Sa  5 

150"  to  285"  C,  illuminating  petroleum , 31 

Atx>ve  285*  C.  lubricating  petroleum 21. 5 

Residue,  coke,  and  loss 9 

PhyHcal  properties  of  crude  petroleum4t.^ 


Locality. 


Boris  Cieek- 

Katalia  Meadow,! 

Kitalte  Meadow,  2. 

EitanaMeflMlow,3 

tataOa  Meadow,  4. 

KUalla  Meadow,  5. 

Bore  hole  at  Katalla,  laofeetngu). 
B<i«  bote  ftt  Katalla.  S55  feet  (1902) . 

V&koo^Ity  Creek. 


Spedflc 
gravity. 


a  942 
.929 

.901 
.874 
.869 
.961 
.802 
.790 
.937 


Flashing 

point 

(Abel  test). 


•F. 
2S4 

240 
156 
156 
152 
266 
Below  60 
Below  60 
246 


Color. 


Dark  reddbh  brown. 
Dark  brown. 


Dark  red. 

Do. 
Dark  brown. 


a  Bedwood,  Boverton,  Potroleuxn,  3d  ed.,  vol.  1,  p.  206, 1913. 
Commercial  products  of  crude  Alaska  petroleum,^ 


Spedflc 
gravity. 

PiDtrolenni 

spirit 
(benzine). 

Kerosene. 

Interme- 
diate and 

labrlcating 
ntlAwlth 

solid  hydro- 
carbons. 

Coke. 

a869 
.914 
.800 

Percent, 

Percent, 

19.0 

9.0 

63.9 

Percent, 
7a  6 
87.6 
16.7 

Percent, 
1.7 
2.7 
1.2 

24.8 

«  Redwood,  Boverton,  op.  dt.,  p.  228. 


^OUpbant,  F.  H.,  Petroleum:  U.  S.  Qeol.  Survey  Mineral  Beaoorces,  1902,  r 
1903. 
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The  analyses  given  below  were  published  by  Stoess.^^ 
The  following  analjrsls  was  made  In  Seattle  from  a  sample  of  tSie  cmde  oil 
taken  from  the  weU  at  Katalla : 

AnalyHs  of  oU  from  KoMOa  vmXL 

Specific  gravity,  0.800. 

Naphtha 84.2 

Illuminating  oil »4. 4 

Lnbricatlng  oils Id.  5 

CJoke  and  residue 14.5 

Another  analysis   [possibly  the  same  as  that  published  by  Oliphant  and 
quoted  above],  made  in  Los  Angeles,  Cal.,  gave: 

[AnalytiM  of  oU  from  a  point  near  KataUa.} 

Specific  gravity,  0.7067  (45.9'  B.). 
Cold  test,  not  chilled  at  S"*  below  zero. 

Naphtha 38. 6 

Illuminating  oil 81.0 

Lubricating  oil 81. 5 

Coke  and  loss 9.0 

on  has  a  flash  test  of  70**  to  80"*.    Oil  is  light  green  In  color. 

The  results  of  the  foregoing  analyses  and  tests  on  oils  from  the 

Controller  Bay  region  are  brought  together  in  the  following  table : 

Summary  of  analyses  and  testa  of  petroleum  of  Controller  Bay  region. 


Color. 

Gravity. 

Flaah- 

ing 

point. 

Ben- 
xine. 

sene. 

liQhri- 

Resi- 
due, 

Locftllty. 

8pe- 
dflc. 

Banm^ 

ooke, 
and 
loss. 

Katftlla  Sloufih,   well 
No.  1. 
Do 

0.8280 

.7058 

.7057 

.800 

.802 

.790 

.800 

.014 

.800 

.042 

.020 

.001 

.874 

.860 

.061 

.037 

30.1 

45.0 
45.0 

"to^' 

P.rf. 
31.0 

38.5 
88.6 
84.2 

P.d, 
61.0 

31.0 
31.0 
34.4 

P,et. 

31.6 
21.6 
16.6 

P.ct. 

.0 

9.0 

Do 1 

LUrht  green 

0.0 

Do 

14.5 

Do 

Dark  red 

« 

Do 

do 

Unknown 

10.0 

0.0 

53.0 

78.6 
87.6 
16.7 

1.7 

Do 

2.7 

Do 

24.8 

1.2 

Burls  Creek 

Dark  reddish  brown. 
Dark  brown 

234 
240 
15« 
18d 
152 
266 
246 

Katalla  Meadow 

Do 

Do 

Do 

Do 

Yakogelty  Creek 

Dark  brown 

a  Below  60*  F. 


CONCLUSIONS. 


Prospecting  and  drilling  in  the  Controller  Bay  region  will  be 
expensive,  owing  to  the  geographic  conditions,  but  these  conditions 
may  be  permanently  improved  without  great  engineering  difficulties 
or  excessive  cost. 


"  Stoeas,  P.  C,  The  Kayak  coal  and  oil  fields  of  Alaska :  Min.  and  Sd.  Press.  toI.  87, 
p.  65,  1008. 
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The  geology  is  complex  and  difficult  to  interpret  and  does  not  show 
definitely  the  relation  of  the  occurrence  of  the  petroleum  to  the 
stratigraphy  and  structure.  The  local  geology,  so  far  as  known,  is 
not  especially  favorable  to  the  occurrence  of  productive  bodies  of  oil 
and  indicates  that  if  oil  is  found  in  quantity  the  productive  areas 
will  be  very  irregular  in  distribution  and  difficult  to  locate.  How- 
ever, if  future  developments  confirm  the  theory  that  an  overthrust 
along  the  coast  (pp.  2^30)  separates  the  complexly  folded  rocks  at 
the  surface  from  rocks  of  simpler  structure  below,  the  conditions  may 
be  much  more  regular  and  more  favorable  to  the  development  of  a 
good  oil  field  than  the  surface  conditions  indicate. 

The  surface  oil  showings  (seepages),  though  widespread  and 
copious,  do  not  furnish  conclusive  evidence  of  the  occurrence  of  large 
bodies  of  oil  but  apparently  give  more  promise  than  any  of  the  other 
known  geologic  features  of  the  region.  The  only  safe  conclusion 
they  warrant  is  that  the  rocks  near  them  contain  some  oil. 

The  net  result  of  the  drilling  has  been  to  show  the  existence  of 
moderate  quantities  of  oil  in  at  least  a  part  of  the  region,  notably 
within  the  area  of  the  patented  claim,  where  most  of  the  successful 
wells  have  been  drilled.  The  wells  outside  the  area  of  the  patented 
ckim  are  neither  numerous  enough  nor  deep  enough  to  determine 
the  outline  of  the  pools  and  the  area  of  productive  territory  or  to 
show  whether  oil  exists  in  sufficient  quantity  to  pay  for  exploitation. 
They  have  demonstrated  the  difficulty  and  expense  of  drilling  and 
the  need  of  ample  resources  and  careful  management.  The  existence 
of  oil  in  remimerative  quantities  in  the  greater  part  of  the  district 
has  neither  been  proved  nor  disproved.  The.  evidence  afforded  by 
the  existing  wells,  like  that  afforded  by  the  seepages,  is  sufficient  to 
warrant  further  testing,  if  the  tests  are  made,  intelligently  and  care- 
fully by  companies  strong  enough  to  exploit  large  areas  on  a  scale  that 
permits  wholesale  economies,  and  also  strong  enough  to  risk  their 
capital  on  what  must  certainly  be  regarded  as  a  speculation  rather 
than  an  investment. 

Operators  and  investors  who  may  not  be  familiar  with  local  con- 
ditions will  do  well  to  be  governed  by  the  following  suggestions : 

1.  They  should  be  certain  that  legal  title  can  be  obtained  to  a  suffi- 
cient area  to  make  it  possible  to  sink  many  test  wells  under  widely 
differing  conditions  and  to  permit  a  large  enough  probable  produc- 
tion to  pay  for  heavy  initial  expenditures  and  large  permanent 
improvements.        < 

2.  They  should  have  enough  capital  to  be  able  (a)  to  purchase  in 
quantity  and  at  low  rates;  (b)  to  build  good  roads  and  other  im- 
provements and  thus  reduce  cost  of  operating;  (c)  to  carry  a  large 
stock  of  tools  and  supplies,  in  order  to  avoid  costly  delays  in  drilling 
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and  to  be  able  to  drill  deep;  {d)  to  procure  the  best  professional 
advice  and  good  drillers;  {e)  to  drill  many  test  wells  without  hope 
of  immediate  profit ;  and  (/)  to  afford  to  lose  the  investment. 

3.  The  first  wells  should  be  located  on  the  strike  and  at  no  great 
distance  from  producing  wells,  or  down  the  dip  from  a  good  seepage 
and  at  such  varying  distances  that  the  nx^  outcropping  at  the  seep- 
age  will  be  encountered  at  depths  ranging  from  a  few  hundred  feet 
to  the  limit  (in  depth)  of  drilling. 

4.  Subsequent  wells  should  be  determined  in  position  by  the  loca- 
tion of  existing  wells  and  by  the  structure.  With  respect  to  produc- 
tive wells,  they  should  be  along  the  strike  and  close  to  the  wells; 
with  respect  to  nonproductive  wells  they  should  be  either  not  along 
the  strike  and  at  a  short  distance,  or  along  the  strike  and  at  a  con- 
siderable distance  from  the  wells. 

5.  Drillers  and  tool  dressers  should  be  obtained  from  regions 
where  there  is  diflSculty  in  keeping  the  holes  straight. 

6.  If  oil  is  obtained,  it  will  probably  be  down  the  dip,  rather  than 
up  the  dip  from  a  seepage;  in  shallow  wells  near  a  seepage,  in  deeper 
wells  farther  from  a  seepage. 

YAKATAGA   OIL  FIELD. 

INTB0DX7CTI0N. 

The  Yakataga  oil  field  is  on  the  Pacific  coast  of  Alaska  about  mid- 
way between  Controller  and  Yakutat  bays.  Oil  seepages  were  dis- 
covered at  Yakataga  in  1896  and  oil  claims  have  been  staked  and 
surveyed,  but  no  wells  have  been  drilled.  The  earlier  accounts  ^'  of 
the  geology  and  petroleum  were  based  chiefly  on  observations  made 
by  F.  H.  Shepherd  and  J.  L.  McPherson,  who  in  making  surveys  for 
some  of  the  oil  claimants  also  took  notes  on  the  geology,  which  they 
did  not  publish  themselves  but  generously  turned  over  to  members 
of  the  Geological  Survey. 

A  geologic  and  topographic  recomudssanoe  survey  of  this  region 
was  made  in  1913  by  A.  G.  Maddren,  who  prepared  a  brief  report  ^' 

»  Eldridge,  G.  H.,  The  coast  from  Lynn  Canal  to  Prince  William  Bound  in  maps  and 
descriptions  of  routes  of  exploration  in  Alaska  in  1898  (U.  S.  Geol.  Sorrey  Special  Pub., 
p.  104,  1809. 

Bpurr,  J.  B.,  A  reconnaissance  In  southwestern  Alaska  in  1898:  U.  S.  GeoL  Survey 
Twentieth  Ann.  Rept,  pt  7,  p.  264,  1900. 

Martin,  G.  C,  The  petroleum  fields  of  the  Padflc  coast  of  Alaska,  with  an  account  of 
the  Bering  River  coal  deposits:  U.  S.  Geol.  Survey  Bull.  250,  pp.  26-27.  1905. 

Martin,  G.  C,  Geology  and  mineral  resources  of  the  Controller  Bay  region,  Alaska : 
n.  S.  Geol.  Survey  Bull.  335,  pp.  26,  63,  114,  115.  and  118,  1908. 

^  Maddren,  A.  G.,  Mineral  deposits  of  the  Yakataga  district :  U.  S.  Geol.  Survey  Bull. 
592,  pp.  119-153,  1914. 
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on  it  that  iiealg  published  by  the  United  States  Geological  Survey. 
Kaddren's  report  is  the  basis  of  the  description  given  below. 

GEOLOGY. 

The  rocks  of  the  Yakataga  oil  field  include  shales,  sandstones,  and 
conglomerates  having  an  aggregate  thickness  of  possibly  7,000  or 
8,000  feet.  Sandstones  form  the  most  massive  and  shales  the  thick- 
est and  m^st  persistent  beds  in  the  section.  The  only  limestones 
known  are  thin  bands  in  some  of  the  thicker  beds  of  shale,  several 
of  which  aire  somewhit  calcareous  throughout  several  hundred  feet 
of  strata,  but  even  these  contain  numerous  sandy  and  gravelly  layers.' 
In  general,  calcareous  and  sandy  shales  are  more  abundant  in  the 
lower  part  of  the  section,  but  conglomerates  and  sandstones  also 
occur  there.  Thick  beds  of  shale  lie  near  the  top  of  the  section  and 
thinner  layers  of  shale  are  interbedded  with  many  of  the  conglom- 
erates. Some  of  the  pebble  beds  have  a  shale  matrix  containing 
marine  shells.  These  rocks  are  thrown  into  a  series  of  folds,  in  part 
open,  in  part  closely  compressed,  whose  axes  trend  about  N.  70°  W. 
There  are  some  faults.    No  igneous  rocks  have  been  found. 

The  oldest  of  these  strata  consist  of  calcareous  shales  and  thin 
limestones  with  some  interbedded  sandstones  and  a  few  thin  beds  of 
conglomerate.  They  are  exposed  in  a  belt  that  runs  along  the  anti- 
clinal axis  and  the  line  of  seepages  which  extends  eastward  parallel 
to  the  coast  from  a  point  near  Yakataga  Reef  to  Johnston  Creek. 

These  beds  are  succeeded  above  by  a  great  series  of  sandstones  and 
shales  and  some  beds  of  conglomerate,  which  together  make  up  the 
lower  part  of  the  ridge  separating  the  valley  of  White  River  from 
the  coastal  plain  and  also  occur  west  of  the  valley  of  White  River 
and  near  Icy  Bay.  Similar  rocks  are  found  in  the  second  ridge  from 
the  coast,  between  White  and  Yakataga  rivers. 

About  1,000  to  1,500  feet  of  buff  sfindstone  occurs  in  the  upper  part 
of  the  ridge  that  lies  between  the  coast  and  White  River,  and  similar 
rocks  occtir  in  the  two  ridges  to  the  west. 

This  sandstone  is  succeeded  by  a  great  series,  more  than  2,000  feet 
thick,  of  buff  sandstones  and  shales  and  some  beds  of  conglomerate. 
These  rocks  form  the  ridge  between  White  and  Yakataga  rivers  and 
also  occur  in  the  next  ridge  to  the  north,  where  they  are  overlain  by 
presumably  older  coal-bearing  rocks  brought  up  by  a  great  fault. 
The  highest  known  rocks  of  this  section  include  massively  bedded 
marine  shale  and  sandstone,  2,000  to  4,000  feet  thick,  containing  a 
preat  number  of  large  and  moderate-sized  boulders  of  various  kinds 
of  crystalline  rocks,  which  have  apparently  been  dropped  by  ice- 
bergs.   These  boulders  are  scattered  through  several  thousand  feet 
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of  aUty  sandatcHies  and  shales.    'Hua  t 
mation  occurs  at  Umbrella  Reef  on  t 
coast  and  in  the  ridge  west  of  White  Bit 
The  precise  agea  of  the  strata  describ 
above  have  not  been  definitely  detennim 
Many  of  the  beds  carry  invertebrate  fi 
sits,  but  most  of  these  are  so  much  crush 
as  to  be  difficult  to  identify.    Moreover,t 
conditions  under  which  Maddren  did  .1 
field  woHc  did  not  permit  him  to  make  ai 
carry  large  collections.     Maddren'*  h 
tentatively  assigned  the  several  strata  ' 
various  horizons  ranging  from  Oligoctl 
to  Pleistocene  and  has  quoted  lists  of  fosa 
^     determined  by  W.  H.  Dall,  in  which  tl 
"     known   stratigraphic   occurrence   of   eac 
i     §     recognized  species  in  other  regions  is  citec 
The  writer  believes  that  the  evidence  indi 
cates  that  the  sandstones  and  shales  whicl 
make  up  the  greater  part  of  the  section  an 
probably  all  Miocene,  and  that  tlie  highea 
conglomerate  is  possibly  Pliocene. 

The  Robinson  Mountains,  where  studied, 
consist  of  a  series  of  folds  whose  axes  trend 
^«.j  .g  about  N.  70°  W,  A  closely  compressed 
-  anticline  is  marked  by  the  minor  valleys 
along  which  the  petroleum  seepages  are 
found.  This  anticline  pitches  west,  and 
its  nose  is  at  Yakataga  Reef.  Its  northern 
limb  includes  the  rocks  west  of  the  val- 
ley of  White  River,  beyond  which  there  is 
a  syncline.  The  anticlinal  fold  is  marked 
by  the  broad  ridge  south  of  the  valley  of 
Yakataga  River,  and  the  valley  itself  occu- 
pies a  synclinal  trough.  The  next  highland 
mass  to  the  north  is  anticlinal.  A  great 
fault  lies  along  the  west  limb  of  this  anti- 
cline, by  which  the  supposed  Eocene  coal- 
bearing  rocks  are  thrust  over  other  sedi- 
ments, probably  Pliocene.  These  structural 
features  are  believed  to  dominate  the  area, 
though  it  may  contain  other  unrecognized 
faults.     (See  fig.  2.) 

>•  Maddren,  A.  O.,  Hlnenl  deposits  o(  the  Yskatasa 
dlttriet:  D.  B.  QeoL  Siurer  BnU.  ces,  pp.  12T.  130- 
181,  1914. 
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PBTBOLEITK.'' 

All  the  best-known  petroleum  seepages  of  the  Yakataga  district  are 
near  the  base  of  the  seaward  slopes  of  the  coastal  ridge  of  Bobinson 
Mountains.  (See  PI.  VI.)  These  seepages  are  distributed  along  a 
line  extending  from  a  point  near  Yakataga  Beef  to  Johnston  Creek, 
a  distance  of  about  18  miles.  They  are  from  half  a  mile  to  2  miles 
from  the  beach.  About  a  dozen  seepages  are  distributed  at  irregular 
intervals  along  this  line,  but  the  easternmost,  on  Johnston  Creek 
about  1^  miles  above  its  mouth,  is  the  only  one  of  considerable 
volume.  Most  of  these  seepages  are  little  more  than  meager  indica- 
tions of  oil  in  the  form  of  sulphurous  coatings  or  exudations  along 
joint  cracks  of  the  rocks,  or  iridescent  films  over  moist  rock  surfaces 
and  on  any  small  pools  of  water  that  may  be  collected  near  by.  Thick 
oily  residue  has  accimiulated  in  notable  quantity  only  at  the  seepage 
on  Johnston  Creek.  Here  the  discharge  of  rather  fresh  petroleum  is 
free  enough  to  furnish  considerable  quantities  to  the  swift-flowing, 
turbulent  stream,  so  that  appreciable  quantities  of  oil  are  carried 
down  its  course  to  the  ocean.  A  scum  of  oily  residue  also  occurs  on 
the  cobble  bars  of  Johnston  Creek  from  its  mouth  up  to  the  seepage. 
Probably  a  barrel  or  more  of  petroleum  a  day  escapes  from  this  seep- 
age. The  odor  of  petroleimi  was  also  noted  at  the  mouths  of  Munday, 
Poul,  Lawrence,  and  Crooked  creeks,  small  streams  that  flow  across 
the  narrow  coastal  plain  west  of  Johnston  Creek.  (See  PL  VI.) 
The  seepages  on  these  streams  are  from  1  to  2  miles  above  their 
mouths  and  are  not  so  indicative  of  the  free  escape  of  oil  as  the  one 
on  Johnston  Creek. 

Prospectors  report  the  occurrence  of  petroleum  seepages  in  the 
second  ridge  of  the  Bobinson  Mountains  from  the  coast.  Prospectors 
also  report  a  strong  petroleum  seepage  east  of  Icy  Bay  and  not  far 
from  Yahtsee  River.  This  locality  may  mark  an  eastern  extension  of 
the  Yakataga  oil  field. 

The  westernmost  of  the  main  line  of  seepages  lies  near  the  base  of 
the  mountain  slope,  where  it  joins  the  coastal  plain,  whereas  those  to 
the  east  lie  in  valleys  separated  by  minor  ridges  from  the  seaboard. 
This  line  of  seepages  in  part  marks  a  series  of  depressions,  extending 
east  and  west,  occupied  by  the  headwaters  of  streams  flowing  south- 
ward. The  chain  of  depressions  between  the  foothill  belt  and  the 
main  mountain  front  appears  to  lie  along  the  axis  of  a  symmetrical 
anticline,  whose  south  limb  is  sharply  flexed  into  a  nearly  vertical 
position  and  the  dip  of  whose  north  limb  is  15°  to  45°  N".  All  the 
seepages  of  petroleum  reach  the  surface  along  the  axial  zone  of  this 
anticlinal  flexure,  which  strikes  about  N.  70°  W.  The  rocks,  which 
are  sandstones  and  shales,  are  provisionally  assigned  to  the  Olif^rocene. 

'*Tbe  discussion  under  this  heading  Is  reprinted  from  Maddren'g  report  essentially 
without  change. 
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The  development  of  the  depreasions  between  the  foothill  belt  of 
vertical  strata  and  the  main  mountain  front  at  right  angles  to  the 
north  and  south  trunk  gorge  valleys  across  that  belt  is  primarily 
caused  by  the  more  rapid  erosion  and  removal  of  material  that  has 
occurred  along  the  zone  of  the  anticlinal  axis.  Here  the  sharp  flexur- 
ing  of  the  strata  has  shattered  the  rocks,  and  thus  exposed  them  to 
the  more  rapid  disintegration  and  consequent  removal  by  the  streams. 

The  strata  at  the  base  of  the  exposed  portion  of  the  section  in 
the  vicinity  of  Johnston  Creek  seepage  are  chiefly  made  up  of  sand- 
stones that  are  favorable  for  either  storage  or  migration  of  petroleum. 
These  sandstones  are  overlain  by  close-textured  shales,  which  may 
have  served  as  the  retentive  cover.  The  liberal  escape  of  fresh  oil 
at  this  locality  might  be  used  as  an  argument  for  considering  this 
horizon — the  lowest  rocks  exposed  in  the  coastal  mountain  ridge — 
to  be  at  or  near  the  ultimate  oil-bearing  horizon.  This  can  not,  how- 
ever, be  demonstrated  without  drilling,  and  there  are  some  strong 
arguments  against  this  hypothesis  which  will  not  here  be  presented. 

Several  seepages  occur  at  or  near  the  base  of  the  seaward  slopes 
of  the  coastal  mountain  west  of  the  lower  White  Biver  valley  and 
extend  nearly  to  Yakataga  Beef.  Here  all  the  outcropping  strata 
belong  to  the  moderately  northward-dipping  limb  of  the  anticlinal 
fold,  the  south  limb  being  covered  by  the  coastal-plain  deposits  or  the 
ocean.  The  geologic  structure  of  Yakataga  Beef  indicates  distinctly 
the  plunging  nose  of  the  anticline  marked  by  the  seepage. 

The  crest  of  this  anticline  appears  to  have  a  decided  inclination  to 
the  west,  but  the  dip  is  not  so  marked  as  that  of  its  terminal  nose  at 
Yakataga  Beef.  This  westward  inclination  amounts  to  a  fall  of  at 
least  2,000  or  3,000  feet  in  the  distance  of  about  18  miles  along  the 
seepage  belt. 

As  the  ultimate  source  of  the  petroleum  at  Johnston  Creek  seepage 
may  be  near  if  not  at  the  outcrop  from  which  the  free  flow  of  fresh 
oil  comes  (about  100  feet  above  sea  level),  it  may  be  supposed  that 
the  oil-bearing  bed  becomes  progressively  deeper  westward  along 
the  anticlinal  axis.  If  this  is  so,  it  must  be  heavily  covered  by  a 
greater  thickness  of  strata  in  this  direction.  This  may  account  for 
the  more  scanty  escape  of  oil  at  the  seepages  in  the  western  part  of 
the  belt.  These  views  are  based  on  the  assumption  that  there  is 
only  one  oil-bearing  stratmn  developed  along  the  anticline — the  one 
marked  by  the  free-flowing  Johnston  Creek  seepage.  All  this  is  mere 
assumption,  for  there  may  be  oil-bearing  beds  at  several  horizons 
in  the  section.  There  are  in  the  exposed  section  several  extensively 
developed  porous  sandstone  and  conglomerate  members  with  im- 
pervious capping  of  fine-textured  shale  that  should  afford  storage 
^roleum.    Some  of  these,  where  under  deep  coyer  toward  the 
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western  part  of  the  anticline,  may  contain  oil.  Only  intelligently 
dii«d;ed  drilling  will  determine  these  matters. 

The  evidence  in  hand  indicates  that  the  search  for  oil  here  should 
not  be  nearly  so  involved  with  structural  complexities  as  in  the  Ka- 
talla  oil  field,  in  the  Controller  Bay  district.  In  the  Eatalla  field  fold- 
ing and  faulting  are  so  intricate  that  the  drilling  thus  far  done  has 
not  proved  very  satisfactory.  The  essential  structural  features  in  the 
Yakataga  seepage  belt  do  not  seem  to  be  any  more  complex  than  those 
in  some  of  the  productive  fields  of  California.  If  anything,  the  struc- 
tare  governing  the  occurrence  of  petroleum  in  the  Yakataga  district 
is  probably  more  simple  than  that  of  some  of  the  well-known  Cali- 
fornia fields.  If  this  is  true,  possibly  only  a  small  amount  of  intelli* 
gent  drilling  will  be  necessary  to  test  the  commercial  value  of  the 
Yakataga  belt.  The  inaccessibility  of  the  field  and  the  local  diffi- 
culties of  transportation  will  be  strong  deterrents  to  development. 
The  discussion  of  transportation  is  reserved  for  a  later  section  of  this 
report. 

There  are  no  complete  tests  of  the  petroleum  from  the  Yakataga 
district,  and,  in  the  absence  of  any  drilling,  such  as  have  been  made 
are  necessarily  tests  of  samples  taken  from  seepages  in  which  there 
has  been  a  loss  of  the  volatile  compounds.  There  is  every  reason  to 
believe  that  the  Yakataga  petroleum  is  of  the  same  high  grade  as 
that  of  the  Katalla  field.  The  Katalla  petroleum  is  a  refining  oil  of 
the  same  general  nature  as  the  Pennsylvania  petroleum.  Like  that 
oil,  it  has  a  high  percentage  of  volatile  compounds,  a  paraffin  base, 
and  almost  no  sulphur.  The  following  table  summarizes  the  available 
information  about  the  composition  of  the  oil  from  this  field : 


Summary  of  analyses  and  tests  of  Yakataga  petroleum/* 

Locality. 

Color. 

Specfflo 
gravity. 

Flanhing 
point. 

'piniBtiniGreiAr 

Dark  brown... 
do 

0.964 
.870 
.970 
.881 
.914 
.921 
.855 
.991 
.962 

200 

Do.... 

178 

BBOlClMk 

.....do.  •...••. 

350 

Do 

....  .do*  •  ...... 

67 

Do 

... ..do. • ...••. 

156 

^^«^*wICpmV 

....  .do. • ...... 

172 

00  Creak. '...', 

.....do.  ••■.... 

106 

Mooisoii  Creek  ^ 

....  .do.  a  ...... 

270 

AffrUOnMk.  IcT^T*-   - 

do.. 

810 

•BadwDOd.  Bo>Terton,  Petroleum,  2d  ed.,  vol.  1,  p.  196, 1906 
^  ^Theexactlocalltlea  of  seepages  whoe  these  samples  were  ti 
tobe  in  tbe  Yakataga  Held. 


a.,  vol.  1,  p.  iifo,  ivuo. 

these  samples  were  taken  are  not  known,  but  tbey  are  believed 


In  1897,  soon  after  the  occurrence  of  petroleum  in  Yakataga 
became  known,  a  continuous  tract  of  land  about  1^  miles  wide  and 
20  miles  long  was  located  and  surveyed  along  the  belt  of  seepages. 
This  tract  included  all  the  known  seepages  in  the  coastal  ridge  of 
Bobinson  Mountains  and  covered  the  anticlinal  axis  from  Johnston 
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Creek  on  the  east  to  its  westward-plunging  nose  at  Yakataga  Beef. 
The  original  locations  aggregated  some  50  square  miles,  or  about 
32,000  acres.  Since  then,  however,  the  locators  have  relinquished 
much  of  this  land  in  order  to  concentrate  their  assessment  work  on 
claims  covering  chiefly  the  actual  seepages. 

HABBO&S  AND  T&AJTSPOBTATION. 

The  Pacific  coast  between  Controller  and  Yakutat  bays,  a  distance 
of  about  175  miles,  is  open 'to  the  full  sweep  of  the  ocean,  with  no 
shelter  for  even  a  light-draft  launch  except  at  Icy  Bay.  (See 
p.  41.)  The  glaciers  that  bound  the  district  on  the  east,  north, 
and  west  make  it  almost  inaccessible  by  land.  There  is  only  one 
route  of  approach  to  it  by  land,  and  this  presents  serious  difficulties. 
It  follows  the  shore  for  about  50  miles  from  Cape  Suckling,  at  the 
east  side  of  Controller  Bay,  about  30  miles  from  Katalla.  For  30 
miles  east  of  Cape  Suckling  this  route  passes  along  the  front  of 
Bering  Glacier  and  crosses  half  a  dozen  swift  glacial  streams.  All 
these  streams  are  dangerous  because  of  quicl^ands.  Several  are  so 
large  that  they  must  be  crossed  by  rafts  or  boats.  The  others  may 
be  forded  at  low  water,  but  even  under  the  most  favorable  conditions 
fording  is  hazardous.  Two  swift  glacial  rivers  that  flow  between 
Bering  Glacier  and  Yakataga  Reef  must  be  crossed  by  boats  or 
rafts.  All  supplies  for  the  journey  must  be  carried,  and  it  is  also 
best  to  take  a  canoe.  This  route  is  seldom  traveled,  and  only  under 
guidance  of  those  familiar  with  its  dangers.  Several  men  have  lost 
their  lives  in  attempting  this  trip. 

All  landings  on  this  part  of  the  coast  must  be  made  through  the 
surf  in  small  open  boats.  The  only  place  for  landing  with  even  ap- 
proximate safety  is  at  Yakataga  Reef,  a  low,  rocky  point  that  juts 
about  half  a  mile  into  the  ocean  and  affords  a  slight  protection  in 
calm  weather,  the  only  time  when  it  is  possible  to  make  a  safe  land- 
ing. Southeasterly  winds  throw  breakers  against  the  east  side  of  the 
reef,  southwesterly  winds  against  its  west  side,  and  the  only  time  it 
is  not  awash  is  during  a  low  tide  when  there  is  no  ocean  surge. 

During  the  summer  of  1903,  when  beach  placer  mining  was  at  its 
height,  steamers  called  at  Yakataga  Reef,  weather  permitting,  about 
once  a  month.  Since  1903  steamers  have  seldom  called  at  Yakataga 
Reef,  for  it  is  not  a  good  roadstead  and  the  sea  is  rarely  favorable 
for  landing.  Moreover,  the  trade  is  now  small.  Most  supplies  are 
brought  from  Katalla  in  launches  that  are  navigated  by  men  who 
closely  observe  the  weather  and  who  are  generally  able  to  foretell  the 
conditions  at  Yakataga  Reef  a  day  or  two  in  advance.  At  favorable 
times  quick  trips  are  made,  generally  at  night,  so  that  the  work  of 
landing  the  freight  may  be  begun  by  daylight.    This  work  is  usually 
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done  in  a  few  hours,  when  the  launches  return  to  Controller  Bay 
without  delay.  By  this  irregular  means  the  district  is  served  with 
supplies  and  mail.  The  weather  may  be  unfavorable  for  a  landing  at 
Yakataga  Reef  for  fully  a  month. 

Until  recently  Icy  Bay  was  occupied  by  Guyot  Glacier.  Since  1904 
the  ice  has  retreated  and  a  considerable  embayment  has  been  formed, 
which  might  be  used  as  a  harbor  for  Yakataga  district  if  it  were 
free  from  icebergs  and  if  its  western  shore  is  deep  enough  for  anchor- 
ing lighters  near  land  or  for  the  construction  of  a  pier. 

Mr.  Maddren's  survey  of  Icy  Bay  (see  accompanying  map,  PI.  VI) 
was  very  hasty  and  was  made  without  a  boat  and  therefore  without 
soundings.  The  bay,  though  its  entrance  is  7  miles  wide,  affords  con- 
siderable shelter.  The  surf  is  broken  by  a  bar  off  Icy  Cape,  at  the 
southwestern  entrance.  The  drift  ice  from  Guyot  Glacier  and  the 
shoals  on  the  west  side  of  the  bay  are  adverse  to  its  commercial 
utilization.  The  following  statement  is  based  on  Mr.  Maddren's 
observations  in  1913.  Later  observers  report  that  there  is  fairly 
deep  water  close  to  the  western  shore  which  is  clear  of  ice  much  of 
the  time  and  that  there  is  good  anchorage  off  the  eastern  shore. 

The  large  quantity  of  drift  ice  would  make  it  difficult,  at  least  in 
summer,  for  boats  to  land  cargoes  on  the  west  shore,  where  they  would 
be  available  for  transportation  to  the  Yakataga  district.  Cargoes 
landed  on  the  east  side  of  the  bay  would  not  be  available  because  that 
side  is  completely  surroimded  by  impassable  barriers  of  glacial  ice. 

Comparatively  small  icebergs  become  stranded  on  the  west  side  of 
Icy  Bay,  which,  though  not  sounded,  therefore  appears  to  be  rather 
shallow  for  at  least  half  a  mile  from  shore,  and  smaller  masses  of  ice 
are  generally  so  closely  packed  along  this  shore  for  a  width  of  a 
quarter  of  a  mile  that  even  small  boats  would  find  it  difficult  to  land. 
It  is  questionable  whether  piers  that  would  withstand  the  ice  could 
be  built  out  to  deep  water  from  the  west  shore.  Even  if  such  piers 
could  resist  the  ice  they  would  obstruct  its  movement,  so  that  ice 
would  accumulate  about  the  piers.  Perhaps  two  piers  might  be  built 
to  form  a  small  inclosed  basin. 

Iqr  Bay  is  therefore  not  now  available  as  a  landing  place  for  the 
Yakataga  district,  and  it  seems  doubtful  whether  the  commercial 
interests  to  be  served  will  justify  the  expenditures  necessary  to  make 
it  available.  A  further  recession  of  Guyot  Glacier  might  bring  about 
favorable  changes.  The  glacier  might  then  no  longer  discharge 
bergs.  On  the  other  hand,  the  glacier  may  advance  and  the  bay  may 
again  be  closed,  so  that  any  improvements  would  be  destroyed. 

If  Icy  Bay  is  utilized  as  a  harbor  a  wagon  road  or  railroad  must  be 
built  from  its  western  shore  to  the  placer  and  petroleum  deposits. 
Possibly  a  tramway,  for  which  there  is  an  abundance  of  timber,  would 
be  cheaper  than  a  wagon  road.    Aside  from  the  bridging  of  several 
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glacial  streams,  whose  channels  are  shifting,  such  an  undertaking 
would  not  be  difficult 

COOK  INIiET. 
IKTBODUCTION. 

The  supposed  oil  fields  of  Cook  Inlet  are  on  the  west  shore.  Most 
of  the  reported  seepages  are  in  an  area  of  Middle  Jurassic  rocks  in 
the  peninsula  between  Iniskin  and  Chinitna  bays.  (See  PL  VIII.) 
Jurassic  beds  have  been  noted  in  other  areas  along  the  west  shore  of 
Cook  Inlet  (see  PI.  VII),  and  oil  seepages  have  been  reported  from 
several  of  them,  notably  on  Douglas  River  south  of  Kamishak  Bay. 

This  district  lies  near  the  regular  steamship  route  to  ports  on  Cook 
Inlet.  There  are  no  regular  ports  of  call  within  this  district  at  pres- 
ent, but  steamers  will  call  at  Tuxedni  (Snug  Harbor)  and  Iniskin 
bays  whenever  there  is  sufficient  business.  The  steamers  do  not  go 
to  the  head  of  Cook  Inlet  during  the  winter  on  account  of  ice.  In- 
iskin Bay  is  said  to  be  open  throughout  the  year,  but  Tuxedni  Bay 
is  reported  ^®  to  be  blocked  with  ice  from  December  to  March.  Chi- 
nitna Bay  is  a  possible  harbor  for  craft  of  light  draft,  and  landings 
can  be  made  at  Oil  and  Dry  bays  in  good  weather. 

A  wagon  road  runs  from  the  lower  landing  on  Iniskin  Bay  to  the 
head  of  Oil  Bay,  and  trails  extend  from  Oil  Bay  to  Dry  Bay,  to  the 
head  of  the  eastern  arm  of  Iniskin  Bay,  and  to  a  point  2  miles  above 
the  lower  landing  on  Iniskin  Bay.  Two  trails  also  run  from  Dry 
Bay  to  Chinitna  Bay,  and  a  trail  rims  from  the  head  of  Iniskin  Bay 
to  the  head  of  Chinitna  Bay. 

The  lowlands  north  of  Iniskin  Bay  are  covered  with  dense  vegeta- 
tion, about  half  meadow  and  half  forest.  The  meadows  are  deeply 
grassed  and  are  dotted  with  groves  of  cottonwood  and  thickets  of 
alder  and  willow.  The  forests  consist  of  a  fair  growth  of  spruce 
and  hemlock.  The  trees  are  not  large,  but  many  of  them  are  straight 
and  sound.  The  local  supply  of  timber  is  probably  ample  for  fuel 
and  for  construction  during  pioneer  drilling.  South  of  Iniskin  Bay 
there  are  no  trees  except  a  few  small  scattered  cottonwoods. 

The  writer  made  geologic  reconnaissance  surveys  of  the  oil  fields 
in  1903  and  1904,  the  reports  ^^  on  which  were  subsequently  ex- 
panded into  a  more  detailed  description.^*  These  reports  are  the 
basis  of  the  description  here  given. 

»«tJ.  8.  Coast  Pilot,  Alaska,  pt.  2,  p.  101,  1916. 

IT  Martin,  G.  C,  The  petroleam  fields  of  the  Pacific  coast  of  Alaska,  with  an  account 
of  the  Bering  River  coal  deposits :  U.  S.  Geol.  Survey  Bull.  250,  pp.  37-49,  1905. 

Martin,  G.  C,  Notes  on  the  petroleum  fields  of  Alaska :  U.  S.  Geol.  Survey  Bull.  259, 
pp.  133-134,  1905. 

^Martin,  G.  C,  and  Katz,  F.  J.,  A  geologic  reconnaissance  of  the  Illamna  region, 
Alaska :  U.  S.  Geol.  Survey  Bull.  485,  pp.  26-27.  59-74,  95-100.  126-130,  1912. 
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OENERAIi  FEATUBES. 

The  known  seepages  and  the  supposed  oil-bearing  Jurassic  rocks 
from  which  they  issue  lie  in  a  belt  of  foothills  and  lowlands  between 
the  shore  of  Cook  Inlet  and  the  high  mountains.  The  rocks  of  this 
belt  include  unmetamorphosed  Mesozoic  sedimentary  and  volcanic 
strata  and,  farther  east,  one  or  two  small  remnants  of  a  former 
fringe  of  Tertiary  beds.  The  structure  is  dominantly  simple,  the  Ju- 
rassic and  Tertiary  rocks  being  but  gently  flexed  and  having  a  general 
eastward  dip,  the  Triassic  rocks  alone  being  complexly  folded.  The 
Jurassic  strata  are  believed  to  be  the  source  of  whatever  petroleimi 
is  present  and  to  be  the  surface  strata  in  any  possible  oil  fields.  The 
following  section  shows  the  general  character  and  thickness  of  the 
strata: 

Oeneral  section  of  Jurassic  rocks  on  west  coast  of  Cook  Inlet. 

Upper  JnrasBlc:  Peet 
Naknek  formation  (sandstone,  arkose,  shale,  and  con- 
glomerate, Interbedded  with  some  tuff  and  lava) 5,000 

Chlslk  conglomerate    (tuffaceous  conglomerate   with 

shale  and  sandstone  lenses) 300 

Chinltna  shale  (shale  with  many  calcareous  concre- 
tions and  with  some  limestone  and  sandstone) 2,400+ 

Middle  Jurassic: 

Tuxedni  sandstone  (sandstone  with  some  shale,  lime- 
stone, and  conglomerate) 1,500 

Ix)wer  Jurassic  (?) : 

Porphyries  and  tuffls  (basaltic  and  andesitic  lavas 

and  tuflte) 1,000? 

The  rocks  of  this  section  overlie  or  are  faulted  against  Upper 
Triassic  strata  that  crop  out  west  of  them  and  are  overlain  uncon- 
fonnably  at  one  or  two  localities  by  Tertiary  beds;  Cretaceous  rocks 
are  not  present  on  Cook  Inlet. 

The  Tuxedni  sandstone,  which  rests  unconformably  upon  lavas 
and  tuffs  of  probable  Lower  Jurassic  age,  consists  predominantly  of 
sandy  beds  but  contains  many  thin  strata  of  shale  and  limestone  and 
at  least  one  bed  of  coarse  conglomerate.  Its  thickness  at  the  type 
locality  on  Tuxedni  Bay  is  at  least  1,500  feet,  and  may  be  2,000  feet 
or  more.  It  contains  abundant  fossils,  a  large  and  highly  charac- 
teristic marine  molluscan  fauna  ranging  through  the  formation 
and  terrestrial  plants  having  been  found  in  the  marine  deposits  at 
several  horizons. 

The  Tuxedni  sandstone  is  overlain,  probably  conformably,  by  a 
formation  of  Upper  Jurassic  age,  which  has  been  named  the  Chinitna 
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shale.  This  formation,  which  has  a  thickness  of  at  least  1,300  feet 
and  may  reach  2,400  feet,  consists  of  a  conformable  and  fairly  uni- 
form succession  of  fine-grained  marine  sediments,  mostly  shale.  The 
Chinitna  shale  has  previously  been  referred  to  tiie  Middle  Jurassic. 

The  Chisik  conglomerate  is  a  massive  plate  of  coarse  conglomerate, 
consisting  of  granitic  and  other  crystalline  boulders  embedded  in  a 
tuffaoeous  matrix.  The  formation  appears  to  be  local  rather  than 
continuous  in  its  distribution  and  to  be  variable  in  thickness.  The 
maximum  observed  thickness  is  between  300  and  400  feet.  This  for- 
mation rests,  without  observed  unconformity,  upon  the  Chinitna 
shale  and  is  overlain  by  the  Upper  Jurassic  rocks  of  the  Naknek 
formation. 

The  Naknek  formation  of  the  west  coast  of  Cook  Inlet  consists  of 
sandstone,  shale,  arkose,  conglomerate,  andesitic  tuff,  and  probably 
some  andesitic  lava.  The  thickness  exceeds  5,000  feet.  This  forma- 
tion rests,  with  apparent  conformity,  upon  the  Chisik  conglomerate, 
or,  in  the  absence  of  the  latter,  upon  the  nonfossiliferous  shales  re- 
ferred tentatively  to  the  upper  part  of  the  Chinitna  shale.  The 
original  top  of  the  Naknek  formation  has  not  been  observed  on  Cook 
Inlet,  the  Cretaceous  being  absent,  and  the  next  younger  beds  being 
Tertiary  and  overlying  the  Naknek  formation  unconformably. 

The  dominant  structural  features  of  the  area  occupied  by  Jurassic 
rocks  on  the  west  shore  of  Cook  Inlet  include  a  fault  or  zone  of  fault- 
ing, which  separates  the  crystalline  rocks  of  the  mountains  from 
the  sedimentary  rocks  of  the  foothills,  and  a  monoclinal  ridge  com- 
posed of  Middle  and  Upper  Jurassic  sedimentary  rocks  which  marks 
the  shore  from  Tuxedni  Bay  to  Iniskin  Bay.  West  of  this  mono- 
clinal ridge  in  the  peninsula  between  Chinitna  and  Iniskin  bays  the 
Middle  Jurassic  rocks  are  thrown  into  a  series  of  open  folds.  A 
broad,  low  anticline  occupies  a  lowland  area  that  lies  immediately 
west  of  the  coastal  monoclinal  ridge.  The  orest  of  this  fold  un- 
dulates somewhat  and  is  believed  to  be  cut  by  one  or  more  faults. 
The  details  of  the  minor  folds  and  of  the  faults  have  not  beon  worked 
out.  In  the  area  west  of  this  anticline  the  rocks  are  involved  in  sev- 
eral folds,  which  become  sharper  and  more  irregular  as  they  approach 
the  fault  on  the  border  of  the  mountains.  The  folds  just  described 
were  not  recognized  north  of  Chinitna  Bay  and  are  probably  cut  off 
by  the  fault  that  marks  the  eastern  boundary  of  the  crystalline  rocks 
of  the  mountains.  In  the  area  north  of  Chinitna  Bay  the  Jurassic 
rocks  apparently  dip  uniformly  eastward,  and  this  area  is  regarded 
as  the  northward  extension  of  the  coastal  monocline.  The  folds 
described  above  do  not  appear  on  the  shore  south  of  Iniskin  Bay, 
where  the  Jurassic  rocks  are  in  general  horizontaL 
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LOOAL  DETAILS. 

The  stratigraphy  of  the  Jurassic  rocks  in  the  area  between  Tuxedni 
and  Iniskin  bays  has  been  described  in  detail  by  Martin  and  Katz.^® 
The  following  description  gives  the  available  details  concerning  the 
structure  of  that  area,  as  well  as  some  details  of  the  stratigraphy  and 
structure  of  the  coast  south  of  Iniskin  Bay. 

TirZBDHI  BAT. 

The  rocks  exposed  on  Tuxedni  Bay  consist  of  granites  at  its  head, 
a  belt  of  volcanic  rocks  farther  east,  and  a  belt  of  Jurassic  sedi- 
mentary rocks  (Tuxedni,  Chinitna,  Chisik,  and  Naknek  formations) 
on  the  lower  part  of  the  bay  and  on  Chisik  Island. 

The  volcanic  rocks  include  several  types,  the  interrelations  of 
which  are  not  known.  They  may  include  successive  flows,  flows  with 
intrusive  masses  cutting  them,  or  either  or  both  kinds  of  rock  brought 
into  their  present  structural  arrangement  by  folding  or  faulting,  or 
both.  The  nature  of  the  contact  of  the  volcanic  rocks  with  the  west- 
em  edge  of  the  sedimentary  rocks  east  of  them  is  not  known.  One 
of  three  possible  relations  exists :  The  Tuxedni  sandstone,  which  is 
the  lowest  and  westernmost  of  these  sedimentary  formations,  may 
rest  conformably  or  unconformably  upon  the  volcanic  rocks,  the  two 
may  be  separated  by  a  fault,  or  the  easternmost  member  of  the  vol- 
canic rocks  may  locally  be  a  dike  younger  than  the  Tuxedni  sand- 
stone. The  fault  relationship  is  believed  to  be  the  most  probable. 
(See  p.  46.) 

The  several  sedimentary  formations  belong  in  normal,  conform- 
able, stratigraphic  sequence  one  above  the  other  in  the  order  of  their 
areal  distribution  from  west  to  east.  In  harmony  with  this  sequence 
there  is  a  general  easterly  dip  on  the  lower  part  of  the  bay.  This 
dip  continues  without  interruption,  except  possibly  between  Chisik 
Island  and  the  point  on  the  mainland  west  of  it,  from  the  western- 
most sedimentary  outcrop  on  the  western  arm  of  the  bay  to  and 
somewhat  beyond  the  northern  and  southern  extremities  of  Chisik 
Island.  There  is  a  western  dip  on  the  northern  part  of  the  eastern 
shore  of  Chisik  Island,  so  the  island  is,  in  part  at  least,  synclinal  in 
structure.  Numerous  small  faults  and  probably  several  Jarger  ones 
^ere  observed  on  the  south  shore  of  the  bay. 

00A8T  BETWEEN  TITXXDNI  AHD  OKZHITITA  BATS. 

The  shore  of  Cook  Inlet  from  Tuxedni  Bay  to  Chinitna  Bay  is 
mostly  a  low,  sandy  beach,  behind  which  is  a  marshy  flat.  Except 
at  the  mouth  of  Tuxedni  Bay,  the  hills  are  a  mile  or  two  back  from 

'^ Martin,  G.  C,  and  Katz,  F.  J.,  A  geologic  reconnaissance  of  tbe  lUamna  region, 
AlaAa :  U.  8.  G€ol.  Bnrrey  Bull.  485,  pp.  59-74,  77-78,  1912. 
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the  shore.     The  easternmost  of  theee  hills 
form  a  monoclinal  ridge  parallel  to  the  shore. 
They  consist  of  the  rocks  of  the  Naknek  for- 
mation, having  a  dip  of  10°-30°  E. 
CHnraivA  SAT. 
The  upper  end  of  Chinitna  Bay  is  at  or 
near  the  western  edge  of  the  presumably 
Lower  Jurassic  porphyries  and  tuffs.    These 
rocks  form  all  the  outcrops  on  the  western 
J    half  of  the  north  shore  of  the  bay.    The  east- 
I    em  half  has  magnificent  exposures  of  the 
,f    Chinitna  and  Naknek  formations.    At  the  en- 
e    trance  on  the  north  shore  is  a  lone  outcrop  of 
S    Tertiary  rocks  which  is  separated  from  the 
g    nearest  Jurassic  rocks  west  of  it  by  an  int«r- 
'^    val  of  sand  beach  and  marsh.    The  southern 
Z    shore  has  outcrops  of  Tuzedni  sandstone  near 
I    the  head  of  the  bay,  and  of  Chinitna  shale 
and  Naknek  formation  near  the  entrance. 
Marshy  land  intervenes  between  them. 

The  structural  relations  of  the  porphyries 
and  tuffs  to  the  sedimentary  rocks  east  of 
them  could  not  be  directly  determined.  The 
fact  that  westernmost  outcrops  of  sedimen- 
tary beds  are  of  the  Chinitna  shale  on  the 
north  shore  hut  of  the  Tuxedni  sandstone 
on  the  south  shore,  and  that  in  each  case  the 
concealed  interval  is  not  large,  suggests  that 
this  contact  is  a  fault.  The  concealed  inter- 
val on  the  north  shore  of  the  bay  may  con- 
tain a  narrow  belt  of  the  Tuxedni  sandstone 
and  is  so  indicated  on  the  geologic  map  (PI. 
\r[II)  and  on  the  structure  section  in  figure  3. 
The  presence  of  a  fault  is  also  indicated  by 
the  fact  that  the  contact  of  the  Tuxedni  sand- 
stone with  the  porphyries  and  tuffs  has  here 
transgressed  eastward  in  comparison  with  its 
position  on  Iniskin  Bay,  so  that  there  is  on 
the  north  shore  of  Chinitna  Bay  only  one 
fold  between  the  eastern  border  of  the  por- 
phyries and  tuffs  and  the  coastal  monocline, 
whereas  on  Iniskin  Bay  (see  p.  48)  there  are 
several  folds  in  this  interval. 

The  exposures  of  the  Naknek  formation 
at  the  mouth  of  the  bay  are  part  of  the 
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castward-dippirg  monoclinal  belt  which  extends  parallel  to  the 
<i)ast  northward  to  Tuxedni  Bay.  The  dip  of  the  beds  of  the 
Xaknek  formation  just  within  the  bay  is  from  20°  to  25°  but 
flattens  going  westward  until,  at  a  point  about  3  miles  inside  the 
bay,  the  Chinitna  shale  exposed  on  the  north  shore  is  almost  hori- 
zontal. Observations  made  at  a  distance  from  the  outcrops  suggested 
that  the  dip  turns  westward  just  before  the  contact  with  the  volcanic 
rocks  is  reached. 

Exposures  on  the  south  shore  of  the  bay  are  lacking  between  the 
cliffs  at  the  entrance  to  the  bay  and  those  near  its  head.  Eastward 
(lip  was  observed  at  both  these  points,  but  conditions  farther  south 
indicate  that  several  folds  may  be  present  in  this  concealed  interval. 

The  Tertiary  rocks  on  the  north  shore  of  Chinitna  Bay  near  the  en- 
trance are  horizontal.  It  may  be  that  the  general  structure  has  flat- 
tened at  this  point,  and  that  the  underlying  Jurassic  rocks  also  are 
horizontal,  or  the  latter  may  continue  dipping  eastward  beneath  the 
Tertiary  rocks  which  lie  unconformably  upon  them  in  the  attitude 
of  deposition. 

The  structural  facts  observed  on  Chinitna  Bay  are  presented  graph- 
i- ally  in  figure  3. 

00A8T  BBTWEBV  OHIHITHA  AVD  IHI8KIV  BATS. 

The  shore  of  Cook  Inlet  from  Chinitna  Bay  to  Iniskin  Bay  con- 

•ists  of  rocky  cliffs  giving  clean  but  not  very  thick  sections  of  the 

ssive  rocks  of  the  Naknek  formation.    A  range  of  hills  parallel  to 

coast  and  monoclinal  in  structure  lies  close  to  the  shore  and  con- 

the  Naknek  formation  on  its  crest  and  east  side  and  the  Chinitna 

on  its  western  slope.    The  dip  here,  as  in  the  continuation  of 

lire  north  of  Chinitna  Bay,  already  described,  is  uniformly 

1.    The  ridge  is  broken  through  by  drowned  valleys  at  Dry 
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— Structure  section   on   east   shore   of  Oil   Bay.     s,   Tuxedni   sandstone;   sh, 
Chinitna  shale;  c,  conglomerate;  N,  Naknek  formation. 

>il  bays.    At  Oil  Bay  magnificent  exposures  of  the  rocks  of  the 

^isik  (?),  and  Chinitna  formations  reveal  the  monoclinal 

the  range,  as  shown  in  figure  4.    The  strike  parallels  the 

\out  the  length  of  this  belt,  and  the  dip  varies  from 

e  steepest  observed  dip  is  about  a  mile  south  of  Chin- 

Hiip  flattens  eastward  from  the  monoclinal  ridge  and 

low  point  at  the  entrance  to  Oil  Bay  and  on  the 

e  and  Iniskin  Bay  it  is  almost  horizontal. 
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The  rocks  exposed  on  Iniskin  Bay  consist  of  the  presumably  Lower 
Jurassic  porphyries  and  tuffs  with  intrusive  masses  on  the  west  and 
north  shores,  and  of  sedimentary  Jurassic  beds  on  the  east  shore. 
The  latter  lie  in  parallel  belts  consisting  successively  from  north  to 
south  of  the  Tuxedni,  Chinitna,  Cbisik,  and  Naknek  formations.  The 
structural  relation  of  the  sedimentary  to  the  older  igneous  rocks  is  in 
part  due  to  faulting,  as  is  shown  in  figure  5,  although  at  one  locality 
the  Tuxedni  sandstone  was  observed  to  overlie  porphyries  and  tuffs 
unconformably. 

The  sedimentary  formations  are  flexed  into  open  folds  and  are  cut 
by  faults.  The  dips  are  low  and  gently  undulatory  for  the  greater 
part  of  the  length  of  the  shore.  Several  folds  are  present,  of  which 
the  most  prominent  is  the  monocline,  exposed  on  the  lower  part  of 
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Figure  5. — Generalised  strncture  section  on  east  shore  of  Iniskin  Bay.  ig,  Igneous  rocks ; 
8,  Toxedni  sandstone ;  p,  porphyry ;  sh,  Chinltna  shale ;  N,  Naknek  formation ;  c,  Chisik 
conglomerate. 

the  bay.  This  is  the  southern  end  of  the  monoclinal  block  which  has 
been  described  above  as  extending  down  the  coast  from  Tuxedni 
Bay.  The  section  in  figure  5  is  believed  to  represent  the  structural 
details  exposed  on  the  east  shore  of  the  bay. 

UBSirB  OOTE. 

The  rocks  exposed  on  Ursus  Cove  consist  of  the  Lower  Jurassic 
igneous  rocks  on  the  south  shore,  the  Kamishak  chert  (Upper  Trias- 
sic),  with  its  associated  igneous  rocks  and  with  possibly  some  older 


FiGUiUD  6. — Sketch  showing  Kamishak  chert  overthrust  upon  Nalcnek  formation  at  mouth 
of  Ursus  Core,     a,  Triassic  cherts  and  limestone ;  h,  Naknek  shales  and  sandstokiee. 

limestone,  on  the  greater  part  of  the  north  shore,  and  the  shale  and 
sandstone  of  the  Naknek  formation  on  the  north  shore  at  the  entrance. 
The  structural  relations  of  the  various  igneous  rocks  to  each  other 
and  to  the  Kamishak  chert  are  not  known.    The  Kamishak  chert 
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is  strongly  folded  and  appears  to  lie  in  a  syncline.  In  its  deformation 
some  minor  faulting  is  known  to  have  occurred,  and  the  weaker  beds 
are  in  places  severely  contorted.  A  beautifully  exposed  fault  (see 
fig.  6)  at  the  north  entrance  to  the  cove  shows  the  Kamishak  chert 
overthrust  upon  the  Naknek  formation,  which  is  locally  folded  into 
an  overturned  qmcline  with  its  axial  plane  dipping  west.  This  fold 
either  dies  out  northward  or  is  more  probably  cut  off  by  the  eastward 
transgression  of  the  fault,  for  where  the  latter  cuts  the  shore  about  2 
miles  north  of  Ursus  Cove  the  Naknek  formation  is  almost  horizontal. 

OOABT  BETWSSH  VlUiVS  OOYE  AND  BBlTXir  BAT. 

The  fault  seen  at  the  north  entrance  to  Ursus  Cove  cuts  the  shore 
of  Cook  Inlet  again  just  south  of  Ursus  Cove  and  separates  the 
igneous  rocks  exposed  on  the  south  shore  of  the  cove  from  the  Naknek 
formation,  which  forms  the  shore  of  Cook  Inlet  almost  as  far  south 
as  Bruin  Bay,  a  distance  of  about  8  miles.  The  Naknek  formation 
is  practically  horizontal  where  it  is  exposed  on  the  foreland  south  of 
Ursus  Cove.  The  outcrops  on  a  small  indentation  of  the  coast  known 
as  Bocky  Bay  consists  of  about  75  feet  of  dark-gray  shaly  sand- 
stone and  sandy  shale  that  resemble  some  of  the  beds  in  the  upper 
part  of  the  section  on  Oil  Bay  and  contain  Aucella  and  other  fossils 
(No.  3090).  Along  the  coast  between  Eocky  Bay  and  the  fault  con- 
tact with  the  Triassic  rocks  just  north  of  Bruin  Bay  there  are  strata, 
possibly  800  feet  thick,  which  overlie  those  seen  at  Rocky  Bay, 

BBTTIH  BAT. 

The  rocks  on  Bruin  Bay  include  the  Triassic  rocks  of  the  Kamishak 
chert,  the  Jurassic  rocks  of  the  Naknek  formation,  and  some  granitic 
intrusives.  The  rocks  of  the  Kamishak  chert  are  closely  crumpled 
and  cut  by  numerous  small  faults.  The  broader  structure  of  these 
rocks  could  not  be  determined.  By  the  southern  continuation  of 
the  fault  seen  at  Ursus  Cove  they  are  overthrust  upon  the  Naknek 
formation,  which  here  lies  horizontal  or  is  flexed  into  very  gentle 
wavy  folds  whose  dips  do  not  exceed  a  few  degrees.  The  granitic 
rocks  are  intrusive  into  the  Kamishak  chert,  having  been  intruded 
after  the  chert  was  folded.  The  exposures  on  the  cape  at  the  south 
entrance  to  Bruin  Bay  and  in  the  cliffs  for  about  5  miles  south  of 
this  point  consist  of  nearly  horizontal  beds  of  dark-gray  sandstone 
and  sandy  shale  belonging  in  the  Naknek  formation  and  having  a 
thickness  of  at  least  500  feet.  Neither  the  top  nor  the  bottom  of 
the  formation  is  exposed,  the  contact  with  the  adjacent  Triassic  rocks 
being  a  fault.  AuceUa  and  other  fossils  (No.  9032)  were  collected 
near  the  entrance  to  Bruin  Bay. 

e024"— 21 i 
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OOABT  OF  KAXI8BAK  BAT  SOVTK  OT  BBVZV  BAY. 

The  shale  and  sandstone  of  the  Naknek  formation  in  the  cliffs  at 
the  entrance  to  Bruin  Bay  continue  southward  in  an  unbroken  series 
of  cliffs  for  about  5  miles  to  a  place  where  the  great  overthrust  fault, 
which  has  been  traced  southward,  cuts  the  cliffs  and  brings  up  a 
series  of  massive  or  poorly  bedded  rocks  that  may  be  Triassic  sedi- 
ments, but  that,  as  seen  from  the  water,  look  more  like  fine-grained 
homogeneous  crystalline  rocks.  These  rocks  extend  southward  to 
the  south  end  of  the  cliffs.  The  shore  for  5  or  6  miles  south  of  the 
end  of  the  cliffs  is  low  and  sandy,  with  no  rock  outcrops. 

At  the  head  of  Kamishak  Bay  horizontal  beds  of  sandstone,  shale, 
and  conglomerate  of  undetermined  age  appear  on  the  west  shore  and 
horizontal  beds  of  the  Naknek  formation  on  the  east  shore.  The  re- 
lations of  the  two  series  of  rocks  were  not  determined. 

The  Naknek  formation  is  exposed  almost  continuously  in  the  cliffs 
on  the  south  shore  of  Kamishak  Bay  for  about  10  miles  west  of  the 
mouth  of  Douglas  River.  The  exposures  are  of  nearly  horizontal 
buff  and  gray  sandstone,  and  some  beds  carry  numerous  fossils,  of 
which  AuceUa  is  most  abundant.  A  very  striking  but  apparently 
not  important  unconformity  was  observed  near  the  mouth  of  Douglas 
River.  The  character  and  relations  of  the  beds  at  this  unconformity 
are  shown  in  the  following  section,  which  was  measured  by  T.  W. 
Stanton : 

Section  of  part  of  Najcnek  formation  on  south  shore  of  Kamishak  Bay  near 

mouth  of  Douglas  River, 

Feet 

Gray  sandstone  with  many  fossils  (No.  9096)  In  lower  part 50 

Unconformity. 

Brownish-yellow  cross-bedded  sandstone,  mostly  very  friable 
and  barren  of  fossils.  Llgnltlzed  wood,  Tancredia,  etc.  (No. 
3007),  near  top  and  Modiola,  etc.  (No.  3098),  25  feet  above 

base 100 

Gray  sandstone,  with  some  masses  weathered  yellowish  brown. 
Aucella,  etc.  (No.  3099),  70  feet  above  base  and  Tancredia, 
etc.  (No.  3100),  50  feet  above  base 76 

The  total  thickness  of  the  Naknek  formation  along  this  part  of  the 
coast  was  not  determined.  The  top  and  bottom  of  the  formation  and 
its  contacts  with  other  formations  were  not  observed.  The  rocks  are 
in  most  places  nearly  horizontal  and  undulate  gently,  so  that  only  a 
slight  thickness  is  exposed  at  the  base  of  the  cliffs.  Similar  horizontal 
rocks  appear  to  extend  inland  up  to  an  altitude  of  800  or  IfiOO  feet, 
there  forming  the  hilltops.  The  structural  relations  of  these  beds  to 
the  granites  and  other  rocks  south  of  them  in  the  mountains  and  east 
of  them  on  the  coast  are  not  known. 
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PETBOLEXJU. 
SEEPAGES. 

The  surface  indications  of  petroleum  in  this  region  consist  of  seep- 
ages or  oil  springs  and  so-called  '^  gas  springs."  In  the  seepages  the 
petroleum  may  be  seen  oozing  from  the  cracks  in  the  rocks  or  from 
the  soil.  The  known  seepages  are  all  in  the  lowlands  on  the  coast  of 
Cook  Inlet,  most  of  them  between  Chinitna  and  Iniskin  bays,  where 
many  claims  have  been  staked  as  petroleum  land  and  several  wells 
have  been  drilled.  The  geology  and  the  indications  of  petroleum  in 
this  district  have  been  already  described  in  several  reports,  from 
which  the  facts  presented  below  are  taken. 

A  copious  seepage  was  seen  on  the  east  shore  of  Iniskin  Bay,  about 
1,000  feet  below  the  lower  cabin,  between  high  and  low  tide.  The  flow 
is  more  or  less  intermittent,  and  is  often  so  strong  that  the  oil  collects 
in  large  blotches  on  the  pool  or  even  covers  its  entire  surface.  At  one 
point  in  this  seepage  the  oil  was  seen  issuing  from  a  crevice  in  the 
shale  of  the  upper  part  of  the  Tuxedni  sandstone. 

A  number  of  large  seepages  are  reported  to  be  near  the  cabin  at 
Oil  Bay.  From  the  bottom  of  one  of  these  the  petroleum  rose  almost 
continually,  the  flow  varying,  however,  from  time  to  time,  now  almost 
ceasing,  now  becoming  very  strong.  It  is  frequently  possible  to  skim 
several  quarts  of  petroleum  from  the  surface  of  the  pool,  as  was  done 
for  the  test  recorded  on  page  54. 

About  2  mUes  west  of  the  beach  at  Dry  Bay  is  a  so-called  "  gas 
spring,"  in  which  gas  of  unknown  composition  rises  in  a  continuous 
stream  of  bubbles  to  the  surface  of  the  water.  From  the  north  shore 
of  Chinitna  Bay  both  oil  and  gas  springs  have  been  reported,  but  they 
were  not  seen  by  the  writer. 

All  these  seepages  and  gas  springs  are  on  the  outcrop  of  the  Tux- 
edni sandstone.  Their  structural  position  is  a  short  distance  north- 
west of  the  monocline  described  above  (pp.  44r48)  as  extending 
parallel  to  the  coast.  A  broad,  flat-topped  anticline  is  believed  to  lie 
northwest  of  this  monocline,  although  there  is  evidence  (fig.  5,  p.  48) 
that  the  structure  may  be  further  complicated  by  the  presence  of  a 
fault,  which  marks  the  northwest  edge  of  the  belt  of  monoclinal  dip. 
The  seepages  are  at  or  very  close  to  the  line  on  which  the  dip  changes 
from  nearly  horizontal  to  steeply  inclined.  If  the  fault  extends 
throughout  this  belt  the  seepages  are^probably  on  or  near  it  and  are 
intimately  related  to  it  genetically. 

Seepages  are  also  reported  from  the  shores  of  Kamishak  Bay,  espe- 
cially on  the  south  shore  at  Douglas  River,  The  rocks  in  this  region, 
as  far  as  seen  by  the  writer,  are  the  shales,  sandstones,  and  conglom- 
erates of  the  Naknek  formation.  They  are  horizontal  or  have  very 
gentle  dips  over  large  areas. 
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WELLS. 

Indications  of  petroleum  are  said  to  have  been  discovered  in  this 
region  about  1853.  The  first  samples  were  taken  out  in  1882  by  a 
Bussian,  named  Paveloff.  Claims  were  staked  in  1892  by  Edelman, 
near  the  heads  of  the  creeks  entering  Oil  and  Dry  bays,  but  these 
claims  were  abandoned.  Pomeroy  and  Giffin  staked  claims  at  Oil 
Bay  in  1896,  organized  the  Alaska  Petroleum  Co.  in  1897,  and  began 
work  in  1898.  The  first  well  drilled  at  Oil  Bay  is  said  to  have  been 
put  down  in  1898,  but  any  work  done  at  that  date  was  doubtless 
merely  preparatory  drilling.  Drilling  was  also  reported*®  at  Oil 
Bay  in  1900,  but  Oliphant  **  says  that  the  well  at  Oil  Bay  was  started 
during  the  summer  of  1902,  although  unsuccessful  attempts  had  been 
made  to  land  machinery  in  1899"  and  to  begin  drilling  in  1901." 
When  the  writer  was  at  Oil  Bay  in  August,  1903,  the  first  well  was 
completed  and  preparations  for  drilling  the  second  well  were  under* 
way. 

The  first  well  at  Oil  Bay  is  said  to  have  been  drilled  to  a  depth 
of  more  than  1,000  feet.  No  log  of  this  well  or  any  other  authentic 
information  containing  it  can  be  obtained,  as  the  property  has 
changed  management  several  times.  According  to  report  gas  was 
encountered  all  the  way  below  190  feet,  and  considerable  oil  was 
found  at  a  depth  of  either  500  or  700  feet.  The  flow  of  oil  is  reported 
to  have  been  50  barrels  a  day,  but  it  may  be  doubted  whether  any 
such  quantity  was  obtained.  On  cLrilling  deeper  salt  water  under 
strong  pressure  was  encountered,  which  shut  off  the  flow  of  oil.  In 
1903  the  well  was  said  to  be  more  than  1,000  feet  deep  and  afforded 
a  continuous  flow  of  gas,  which  at  times  became  very  strong.  At- 
tempts were  made  to  shut  off  the  flow  of  water  and  either  to  recover 
the  lost  oil  or  to  drill  deeper,  but  without  success. 

During  the  summer  of  1904  a  second  well  was  drilled  at  Oil  Bay 
about  a  quarter  of  a  mile  west  of  the  first  well.  The  log  of  this  well, 
according  to  Mr.  August  Bowser,  who  was  in  charge  of  the  drilling, 
was  as  follows : 

Record  of  ioell  No,  2  at  Oil  Bay. 

Sandstone 200 

Shale 120 

on  and  some  gas 1 

Shale  (caving) ^ 129 

450 

"Report  of  the  Governor  of  the  District  of  Alaska  [for  1900],  pp.  59-60,  1900. 

»  Oliphant,  F.  H.,  Petrolenm :  IT.  8.  Geol.  Survey  Mineral  Resonrces,  1003,  p.  691,  1904. 

»  Oliphant,  F.  H.,  Petroleam,  in  Mineral  Resoarces  of  the  tJ.  8.  for  1899 :  U.  8.  Qeol. 
Survey  Twenty-first  Ann.  Rept.,  pt  6  (continued),  p.  167,  1901. 

*> Oliphant,  F.  H.,  Petroleum:  U.  8.  Geol.  Survey  Mineral  BesouroeSp  1901,  p.  208, 
1902  (not  In  bound  volume). 
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The  well  was  abandoned  at  a  depth  of  450  feet,  because  the  shale 
caved  so  badly. 

Durmg  the  summer  of  1904  a  third  well  was  drilled  about  250  feet 
south  of  the  second.  The  general  sequence  of  strata  is  reported  to 
be  the  same  as  in  the  second  well,  the  shale  continuing  to  the  bottom 
of  the  hole.  The  well  was  cased  to  a  depth  of  630  feet.  OU  and 
gas  were  reported  at  a  depth  of  770  feet,  where  th^re  were  three  oil 
sands,  each  6  to  8  inches  thick  and  4  or  5  feet  apart.  The  output 
of  the  well  is  said  to  have  been  about  10  barrels  a  day.  Caving 
rock  was  encountered  at  830  feet.  Work  was  stopped  at  a  depth  of 
900  feet  at  the  end  of  the  season.  Considerable  gas  is  said  to  have 
been  encountered,  and  the  pressure  at  some  depths  was  reported 
to  be  strong  enough  to  blow  the  water  up  in  the  derrick  to  a  height 
of  20  f eet.*^ 

No  information  is  available  concerning  operations  at  Oil  Bay  in 
1905  and  1906.  No  drilling  has  been  done  since  1906,  and  in  1909 
the  oil  camps  were  abandoned. 

The  Alaska  Oil  Co.  was  organized  in  1901  and  began  operations 
at  Dry  Bay  in  1902.  The  first  well  at  Dry  Bay  was  drilled  in  the 
siunmer  of  1902  to  a  depth  of  320  feet  without  encountering  oil. 
A  Star  rig  was  used.  The  well  had  a  diameter  of  8  inches  to  a 
depth  of  212  feet  and  of  6  inches  to  a  depth  of  320  feet,  where  the 
tools  were  lost  and  the  well  abandoned.  A  second  well  was  started 
in  August,  1903,  in  close  proximity  to  the  first,  but  not  much  was 
accomplished,  and  work  was  discontinued  a  few  months  later  because 
of  an  accident  to  the  machinery.  No  drilling  has  been  done  at  Dry 
Bay  since  1903. 

CHABACTER  OF  THE  PETROLETTM. 

A  sample  of  petroleum  from  the  seepage  at  Oil  Bay  was  collected 
by  the  writer  by  skinmiing  the  oil  from  the  surface  of  the  water, 
where  it  was  continually  rising  from  the  bottom  of  the  pool.  An 
effort  was  made  to  obtain  as  much  of  the  fresher  oil  as  possible. 
Vegetable  and  earthy  impurities  were  removed  by  straining  through 
coarse  cloth.  Water  could  not  be  entirely  removed.  Oil  for  lubri- 
cation at  the  neighboring  wells  has  been  obtained  from  these  pools 
in  this  manner. 

The  fresher  oil  is  dark  green.  That  which  has  remained  on  the 
surface  of  the  pool  for  some  time  is  dark  brown. 

The  oil  has  doubtless  lost  a  large  part  of  its  volatile  constituents, 
so  that  the  analyses  do  not  represent  the  composition  of  the  live  oil 
from  wells  in  this  region.     Such  live  oil  would  have  a  lower  specific 

**  Infonnation  in  this  paragraph  was  furnished  by  Mr.  August  Bowser. 
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gravity,  a  higher  percentage  of  the  more  volatile  constituents, 
and  a  lower  percentage  of  the  less  volatile  constituents,  residue, 
and  sulphur.  It  would  certainly  be  better  than  these  samples  in 
all  respects  and  would  resemble  them  in  having  a  paraffin  base  and 
would  doubtless  be  a  refining  oil. 

This  sample  was  submitted  to  Penniman  &  Browne,  of  Baltimore, 
who  return  the  following  report  on  their  tests : 

Test9  of  sample  of  seepage  petroleum  from  OU  Bay, 


nistfllatlon  by  Ensler's  method: 

Burning  oil  (dlstiUation  up  to  300*  C,  und«r  atmospbcriopreaKire). . 

Labrlcatlng  oils  (spindle  (als)(120  mm.  pressure,  up  to  800*  C.) 

Lubrioattng  oils  (120  mm.  pressure,  SOO'-asO'C.) 

Paraffin  oils  (by  destructive  distillation  under  atmospheric  pressure) 
Coke  and  loss 

Sulphur 

Bpeciflo  gravity  of  crude  oil  at  00*  F.,  0.9667,  or  16.5*  Baum^ 
Initial  boiling  point,  230*  C. 


Peroent. 

13.2 
39.2 
19.6 
22.4 
5.6 

100.0 

aoo8 

Gravity 

(*Bauin6). 


29.5 
22.6 
17.9 
2a4 


The  lubricating  oils  were  distilled  under  diminishing  pressure,  according  to 
refinery  practice,  until  signs  of  decomposition  set  in.  The  residue  obtained  was 
unsuitable  for  making  cylinder  stock  and  was  therefore  distilled  for  paraffin 
oils.  These  paraffin  oils  contain  a  considerable  quantity  of  solid  paraffin — ^how 
much  it  was  not  practicable  to  determine  with  the  small  quantity  of  oU  tested. 

The  iodine  absorption  of  the  oils  and  distillates  was  determined  by  ELanus^s 
method  (solution  standing  4  hours)  and  is  here  tabulated: 


Iodine  absorption  of  oils  and  distillates  from  OU  Bay, 

Percent 
of  iodine. 

Burning  oil 17. 8 

Lubricating  oil 26. 2 

Heavy  lubricating  oil 35.8 

For  comparison,  samples  of  similar  oils  were  obtained  from  the  Standard  Oil 
Co.,  and  the  iodine  numbers  determined  as  follows: 

Iodine  absorption  of  commercial  oils. 

Per  cent 
of  iodine. 

Light  distilled  lubHcating  oil  (spindle  oil) 32.0 

Dark  lubricating  oil  (engine  oil) 45.4 

The  burning  oils  were  tested  in  a  small  lamp  and  found  to  give  a  good  flame. 
All  the  oil  was  consumed  without  Incrusting  the  wick  or  corroding  the  burner. 

The  oil  has  a  paraffin  base,  and  the  products  of  distillation  are  "  sweet*'  We 
are  informed  that  this  sample  is  a  "  seepage  oil."  If  a  sufficient  yield  can  be 
obtained  by  drilling,  an  oil  suitable  for  refining  may  be  expected,  containing  a 
very  much  larger  quantity  of  the  more  desirable  lighter  products. 
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OONOLT78ION8. 

The  s^pages  on  the  west  coast  of  Cook  Inlet,  especially  those  be- 
tween Chinitna  and  Iniskin  bays,  indicate  that  the  Jurassic  rocks 
may  contain  considerable  petroleum. 

The  results  of  the  drilling  are  not  especially  encouraging,  but  it  is 
said  that  some  oil  was  found  in  the  wells.  (See  pp.  52-53.)  The  wells 
that  have  been  drilled  are  too  few,  too  shallow,  and  were  drilled  in 
too  small  an  area  to  give  a  final  test  of  the  possibilities  of  the  field. 

The  stratigraphy  and  structure  of  certain  parts  of  the  district  are 
not  unfavorable  to  the  occurrence  of  oil.  The  coarse  and  porous  sand- 
stones that  contain  an  abundance  of  organic  remains,  especially  those 
in  the  lower  part  of  the  Tuxedni  sandstone,  may  be  regarded  as  pos- 
sible oil  sands  and  as  the  probable  source  of  the  petroleum  and  gas 
that  are  escaping  at  the  seepages.  *  The  areas  in  which  the  structure 
is  most  favorable  for  the  accumulation  of  oil  include  the  crest  of  the 
easternmost  anticline,  which  extends  from  Iniskin  Bay  to  Chinitna 
Bay.  Some  faulting,  however,  has  occurred  on  and  near  the  crest  of 
this  anticline.  The  effect  of  this  faulting  on  the  accumulation  of  oil 
is  not  known.  No  statement  can  be  made  concerning  possibly  favor- 
able localities  for  drilling  in  the  area  west  of  the  crest  of  the  main 
anticline,  except  that  further  investigations  may  reveal  them.  In 
general,  however,  this  western  area  does  not  appear  to  be  so  favor- 
able as  the  main  anticline,  but  special  localities  where  the  conditions 
are  favorable  may  be  found.  The  monoclinal  belt  along  the  coast, 
including  its  northern  extension  from  Chinitna  Bay  to  Tuxedni  Bay, 
and  any  possible  extension  into  the  unsurveyed  region  north  of 
Tuxedni  Bay,  must  also  now  be  regarded  as  less  favorable  for  the 
occurrence  of  oil.  This  conclusion  is  based  on  the  steep  dips  and  on 
the  fact  that  in  most  of  this  area  the  possible  oil  sands  in  the  Tuxedni 
sandstone  he  too  deep  to  be  reached  by  the  drill.  It  is  possible,  how- 
ever, that  favorable  areas  of  gentler  dip  or  higher  oil-bearing  hori- 
zons, perhaps  in  the  Naknek  formation,  may  be  found. 

Some  of  the  areas  occupied  by  the  Naknek  formation  on  Kamishak 
Bay,  especially  those  in  the  vicinity  of  Douglas  River,  would  seem 
to  be  more  promising  prospective  oil  fields,  at  least  as  far  as  structure 
is  concerned,  than  the  district  north  of  Iniskin  Bay,  where  the  wells 
were  drilled.  It  should  be  noted,  however,  that  in  the  known  areas 
of  gentle  dip  along  the  coast  the  supposed  oil-bearing  beds  in  the 
Tuxedni  sandstone  lie  so  deep  that  they  are  beyond  the  reach  of  the 
drill.  This  part  of  the  coast  is,  moreover,  a  very  difficult  place  to 
land  machinery,  for  the  bays  are  all  shallow  and  filled  with  rocks, 
and  numerous  uncharted  reefs  extend  out  many  miles  from  shore. 
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ALASKA  PEXIXSUIiA. 
IHTTBODXJCTIOH. 

Seepages  of  petroleum  on  Alaska  Peninsula,  especially  in  the 
vicinity  of  Cold  and  Portage  bays  and  Becharof  Lake,  have  been 
known  for  many  years.  The  seepages  described  as  '^  near  Katmai  ^' 
(see  bibliography,  pp.  76,  79)  are  believed  to  be  the  seepages  between 
Cold  Bay  and  Becharof  Lake.  Four  wells  were  drilled  near  Cold 
Bay  in  1903  and  1904,  but  no  oil  has  been  produced  there  in  com- 
mercial quantities,  and  the  camps  have  been  abandoned  for  many 
years. 

Seepages  have  also  been  reported  to  occur  on  Aniakchuk  Biver,  on 
the  peninsula  between  Kujulik  and  Hook  bays,  on  the  north  end  of 
Chignik  Bay,  and  on  the  shore  of  Shelikof  Strait  about  20  miles 
southeast  of  Cape  Douglas. 

Cold  Bay  is  on  the  east  side  of  Alaska  Peninsula  near  the  west 
end  of  Shelikof  Strait,  nearly  opposite  the  southwest  end  of  Kodiak 
Island.  The  bay  is  roughly  triangular,  is  about  10  miles  long  and  7 
miles  wide  at  its  mouth,  and  includes  a  large  area  of  deep  water. 
The  harbor  at  Cold  Bay  is  open  throughout  the  year,  but  it  is  sub- 
ject to  violent  winds  and  the  known  anchorages  are  not  very  secure. 
The  harbor  has  not  been  surveyed,  and  it  is  possible  that  a  survey 
might  disclose  more  satisfactory  anchorages  and  landing  places.  It 
is  also  possible  that  a  survey  of  some  of  the  neighboring  bays  might 
find  good  harbors. 

The  surrounding  country  is  an  upland  that  stands  in  general  about 
750  feet  above  tidewater  and  is  surmounted  by  gently  roimded  or  flat- 
topped  hills.  The  higher  peaks  rise  to  an  elevation  of  about  1,500  feet, 
but  farther  back  from  the  coast  in  the  central  part  of  the  peninsula 
there  are  high  mountains.  Among  these  mountains  is  the  volcano 
Peulik,  a  peak  about  5,000  fe^  high,  which  is  on  the  west  shore  of 
Becharof  Lake  about  35  mUes  west  of  Cold  Bay. 

In  this  district  there  is  no  timber  that  can  be  used  either  for  fuel 
or  for  construction.  When  the  wells  were  being  drilled  in  1903 
and  1904  derrick  timbers  and  blacksmith  coal  were  imported  and 
the  petroleum  residue  from  a  local  deposit  (see  p.  64)  was  burned 
under  the  boilers.  The  only  trees  are  a  few  small  cottonwoods,  wil- 
lows, and  alders,  which  grow  along  the  banks  of  the  streams.  The 
flat  lowlands  on  the  shores  of  Cold  Bay  are  covered  with  deep  grass, 
but  the  hillsides  and  uplands  bear  no  vegetation  except  moss,  scat- 
tered tufts  of  grass,  and  small  growths  of  brush. 

The  accoimt  of  the  geology  and  petroleimi  given  below  is  based  on 
reconnaissance  surveys  made  in  1903  and  1904.    The  more  important 
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results  of  those  surveys  have  already  been  published,'"  but  some  de- 
tails concerning  the  stratigraphy  and  structure  are  here  presented 
for  the  first  time. 

GEOLOaY. 
GENERAL  FBATUBES. 

The  rocks  of  the  Cold  Bay  district  (see  PL  IX)  include  Upper 
Triassic  shale,  limestone,  chert,  and  igneous  rocks;  Lower  Ju- 
rassic (?)  shale  and  sandstone ;  Middle  Jurassic  (?)  sandstone,  shale, 
and  conglomerate ;  Upper  Jurassic  arkose,  conglomerate,  sandstone, 
and  shale;  and  post- Jurassic  (chiefly  Recent  and  Tertiary?)  vol- 
canic rocks  which  occur  in  a  belt  along  the  axis  of  the  peninsula. 
This  belt  includes  several  volcanoes,  some  active  and  some  dormant, 
among  which  are  Mount  Peulik,  near  Becharof  Lake,  on  the  border 
of  the  Cold  Bay  district,  and  Mount  Katmai,  a  little  farther  east. 
Granite  and  other  coarse  crystalline  rocks  are  reported  from  the 
interior  of  the  Alaska  Peninsula  and  may  underlie  the  Cold  Bay 
district  Cretaceous  and  Tertiary  rocks  occur  in  other  parts  of  the 
Alaska  Peninsula  but  have  not  been  found  near  Cold  Bay.  The 
main  structural  features  are  broad,  open  folds,  whose  axes  parallel 
the  coast,  trending  about  northeast.  The  dips  of  the  strata  do  not 
^nerally  exceed  15°,    Some  faults  have  also  been  noted. 

A  number  of  oil  seepages  occur  in  this  field,  some  of  which  are 
strong.  At  one  of  these  seepages  there  is  a  considerable  flow  of  gas. 
The  known  seepages  are  on  the  outcrops  of  the  Upper  (and  Middle  ?) 
Jurassic  rocks,  and  the  oil-bearing  beds  are  believed  to  be  the  gen- 
eral equivalent  of  those  of  Cook  Inlet. 

TRIASSIC  ROCKS. 

Triaasic  rocks  are  exposed  in  Alaska  Peninsula,  as  far  as  known, 
only  between  Cold  and  Alinchak  bays.  They  form  the  northeast 
shore  of  Cold  Bay  for  at  least  half  a  mile  inside  Cape  Keknmoi  and 
probably  extend  continuously  northeastward  along  the  shore  of 
Shelikof  Strait  to  Alinchak  Bay,  where  they  outcrop  for  at  least  a 
quarter  of  a  mile  along  the  southwest  shore  of  the  bay  and  on  some 
of  the  islands  in  its  mouth. 

The  exposures  at  Cape  Keknmoi  consist  of  crumpled  limestone 
and  calcareous  shale  cut  by  dikes  and  sills  of  basalt.    Within  the  bay 

"Martin,  O.  C,  The  petroleom  fields  of  the  Pacific  coast  of  Alaska,  with  an  account 
«f  the  Betiog  River  coal  deposits :  U.  8.  Geol.  Survey  Bnll.  250,  pp.  60-69,  1905 ;  Notes 
on  the  petroleum  fields  of  Alaska :  U.  S.  Qeol.  Survey  Bull.  259,  pp.  lS4r-139.  1005. 

Stanton,  T.  W.,  and  Martin,  O.  C,  Mesosoic  secUon  on  Cook  Inlet  and  Alaska  Penin- 
iQla:  Bull.  Oeol.  Soc.  America,  vol.  16,  pp.  393-897,  401-402,  1906. 

Atwood,  W.  W.,  Geology  and  mineral  resources  of  parts  of  the  Alaska  Peninsula: 
r.  8.  Oeol.  Survey  Bull.  467,  pp.  80-36,  120-124.  1911. 
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the  dip  becomes  unifonnly  westward  at  angles  of  about  20^,  the  cliffs 
exposing  a  thickness  of  about  700  feet  of  limestones  and  shales  sim> 
ilar  to  those  at  the  cape.  Fossils  consisting  exclusively  of  PBeudo- 
monotia  avhcircularia  (Gabb)  are  distributed  through  the  upper  half 
of  the  strata  and  were  collected  at  several  localities  (3107)  from  a 
quarter  to  half  a  mile  northwest  of  the  cape.  Similar  calcareous  beds 
about  100  feet  above  the  highest  noted  occurrence  of  Pset*domonott8 
yielded  a  small  collection  (No.  3108)  of  ammonites.  A  gradual 
change  in  the  lithologic  character  of  the  beds,  the  rocks  becoming 
less  calcareous,  begins  a  short  distance  northwest  of  and  stratigraphi- 
cally  above  this  locality.  The  beginning  of  this  change  is  regarded 
as  marking  the  top  of  the  imdoubted  Triassic  rocks.  The  overlying 
beds  may  also  belong  partly  or  wholly  in  the  Triassic,  but  as  there 
are  reasons  for  believing  that  they  may  be  at  least  in  part  Jurassic, 
and  as  there  is  no  evidence  of  a  break  within  them,  they  will  be  dis- 
cussed with  the  Jurassic  rocks  on  page  59. 

The  rocks  exposed  on  Alinchak  Bay,  named  in  order  of  age,  are 
basic  igneous  rocks,  contorted  cherts,  and  shales  and  limestones  that 
contain  Pseudarrumotia  (No.  3129).  The  beds  that  yield  Pseudo- 
manotis  crop  out  for  about  500  feet  along  the  shore.  They  differ  in 
dip  from  place  to  place,  but  they  are  nearly  everywhere  steeply  in- 
clined and  at  some  places  reach  an  angle  of  45^.  The  next  exposures 
are  a  quarter  of  a  mile  farther  up  the  shore  and  consist  of  Jurassic  or 
possibly  Triassic  rocks.    (See  p.  60.) 

The  known  fauna  of  the  Upper  Triassic  rocks  of  Alaska  Penin- 
sula consists  practically  of  a  single  species.  Pseud omoiiotis  stibcir- 
cularis  (Gabb),  which  may  be  the  same  as  Pseudomonotis  ochotica 
(Keyserling)  of  the  Triassic  rocks  of  Europe  and  Asia.  This  species 
is  characteristic  of  at  least  part  of  the  McCarthy  shale  of  the  Chitina 
Valley  and  has  been  recognized  at  many  other  localities  in  Alaska. 
It  indicates  a  horizon  corresponding  to  the  uppermost  Triassic  of 
California  and  to  the  Noric  of  Europe. 

This  species  has  been  found  on  the  Alaska  Peninsula  only  in  lime- 
stone and  shale,  which  are  underlain,  on  Alinchak  Bay,  by  contorted 
cherts  in  which  no  fossils  have  thus  far  been  found.  The  strati- 
graphic  conditions  are  possibly  similar  to  those  on  the  west  coast  of 
Cook  Inlet,  where  this  same  species  is  abundant  in  the  uppermost 
shaly  and  calcareous  members  of  the  beds  that  have  been  referred 
to  the  Kamishak  chert,  but  not  in  the  more  massive  chert  beds  below. 

JURASSIO  ROCKS. 

The  Jurassic  rocks  of  Alaska  Peninsula  include  the  direct  south- 
westward  extension  of  the  Jurassic  rocks  on  Cook  Inlet  and  consti- 
tute a  section  which,  when  fully  known,  will  probably  be  found  to 
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nval  if  not  excel  the  section  of  Cook  Inlet  in  thickness  and  complete- 
oess.  Most  of  the  formations  and  faimal  zones  at  Cook  Inlet  are 
now  known  on  Alaska  Peninsula,  which  contains  also  some  Lower 
or  Middle  Jurassic  strata  that  are  but  little  known  and  that  are 
apparently  absent  on  Cook  Inlet.  The  contact  of  the  Jurassic  with 
the  Cretaceous  rocks  is  also  exposed  on  the  Alaska  Peninsula  but  not 
on  Cook  Inlet.  The  general  section  of  the  Jurassic  rocks  on  Alaska 
Peninsula  is  as  follows : 

General  aection  of  Juraasic  rock%  on  Alaska  Peninsula, 

Upper  Jurassic:  P^^^ 
Naknek  formation    (arkose,  conglomerate,  sand- 
stone, and  shale) 8,O0O-C,000 

Upper  and  Middle  Jurassic: 

Sandstones,  sbales,  and  conglomerates  carrying 

the  fauna  of  the  Chinltna  shale 3,800-4,800 

Beds  of  unknown  character  at  Dry  Bay  and  near 
Becharof  Lake  with  the  fauna  of  the  Middle  Ju- 
rassic Tuxednl  sandstone. 
Lower  or  Middle  Jurassic : 

Beds  of  unknown  character  at  Kialagvlk   Bay 
with  a  Lower  Oolite  or  Upper  Lias  fauna. 
Lower  Jurassic  or  Upper  Trlasslc: 

Shales   and   sandstones   at   Cold   and   Allnchak 
bays 2, 000? 

The  Triassic  rocks  on  the  northeast  shore  of  Cold.  Bay  (see  pp. 
67-58)  appear  to  grade  upward,  with  no  abrupt  change,  into  less  cal- 
careous beds,  which  do  not  contain  the  characteristic  Upper  Triassic 
fauna.  The  change  begins  about  half  a  mile  northwest  of  Cape 
Kekumoi,  which  is  at  the  eastern  entrance  to  Cold  Bay,  and  the 
first  several  hundred  feet  of  strata  overlying  the  known  Triassic 
beds  is  barren  of  fossils.  Beds  of  fissile  somewhat  calcareous  sand- 
stone containing  ammonites,  pelecypods,  and  plants  (No.  3109)  (see 
p.  58)  were  seen  a  mile  northwest  of  the  cape  at  a  horizon  about 
700  feet  above  the  highest  observed  occurrence  of  Triassic  fos- 
sils. The  general  aspect  of  the  ammonites  from  this  locality,  ac- 
cording to  Stanton,  is  Jurassic  rather  than  Triassic,  but  the  fossils 
are  unlike  any  previously  known  from  Alaska.  A  little  farther 
northwest  along  the  shore,  200  or  300  feet  higher,  a  few  more  am- 
monites were  collected  (No.  3110)  and  a  few  specimens  of  Rhyncho- 
neUa  were  obtained  from  a  boulder  (not  in  place)  on  the  beach. 
These  ammonites,  according  to  Stanton,  include  two  or  three  genera 
of  Jurassic  aspect  and  are  probably  Lower  Oolite  or  older.  Another 
small  collection  of  ammonites  and  pelecypods  (No.  3111)  was  ob- 
tained a  short  distance  south  of  a  large  waterfall  about  1^  miles 
northwest  of  Cape  Kekumoi,  about  1,800  feet  stratigraphically  above 


60  PETROLEUM  IN  ALASKA. 

the  highest  beds  containing  Pseudomonotis.  There  is  a  sharp  change 
from  sandstone  to  shale  at  this  place  and  the  dip  abruptly  changes 
from  18^  to  28"^.  These  changes  possibly  indicate  a  fault  The 
next  rocks  exposed  on  the  shore  northwest  of  this  locality  are  soft 
brownish  shales  several  hundred  feet  thick,  above  which  is  a  heavy 
bed  of  coarse  conglomerate.  The  overlying  rocks  are  apparently 
Upper  Jurassic  and  will  be  described  on  page  61. 

These  Lower  Jurassic  (?)  rocks  probably  extend  northeastward 
through  the  hills  to  Alinchak  Bay,  where  a  collection  of  ammonites 
(No.  8180)  similar  to  those  of  lot  No.  3109  has  been  obtained.  The 
beds  that  yielded  this  collection  crop  out  about  a  quarter  of  a  mile 
up  the  shore  beyond  the  Upper  Triassic  beds  containing  Pseudo- 
monotis (see  p.  58)  and  were  not  studied  in  detail.  The  interval  be- 
tween them  and  the  Triassic  exposures  is  concealed  and  the  beds 
that  overlie  them  were  not  observed. 

The  beds  described  above  include  about  2,000  feet  of  shales  and 
sandstones,  which  constitute  an  unnamed  formation  of  problematic 
age.  They  apparently  overlie  the  Upper  Triassic  Pseudomonotis- 
bearing  beds  conformably,  and  are  either  overlain  by  or  are  separated 
by  a  fault  from  strata  that  carry  the  Upper  Jurassic  fauna  of  the 
Chinitna  shale.  It  is  possible  that  they  may,  at  least  in  part,  rep- 
resent the  highest  Triassic,  which  elsewhere  in  Alaska  was  either 
not  deposited  or  was  removed  by  subsequent  erosion.  It  is  also 
possible  that  they  may  include  the  offshore  representatives  of  the 
Tjower  Jurassic  volcanic  beds  of  Cook  Inlet.  Several  horizons  that 
are  known  in  Europe  between  the  Ehaetic  and  the  Oolite  may  here 
be  represented. 

Of  the  few  fossils  that  have  been  obtained  from  these  beds,  neither 
the  marine  mollusks  nor  the  plants  are  sufficiently  characteristic  for 
the  determination  of  the  exact  horizon. 

An  undescribed  Jurassic  formation,  which  has  not  been  observed 
in  the  immediate  vicinity  of  Cold  Bay  but  which  may  outcrop 
there,  and  which  almost  certainly  underlies  the  Middle  (?)  and  Upper 
Jurassic  rocks  of  the  Cold  Bay  district,  occurs  on  Kialagvig  or  Wide 
Bay,  where  two  collections^*  of  fossils  have  been  made,  although, 
unfortunately,  no  description  of  the  rocks  containing  them  is  avail- 
able. The  fossils  indicate  that  the  rocks  at  this  locality  belong  in 
the  lowest  part  of  the  Middle  Jurassic  or  near  the  top  of  the  Lower 
Jurassic  series.  They  certainly  belong  beneath  any  of  the  beds 
known  in  the  oil  fields  at  Cold  Bay  or  on  Cook  Inlet,  and  they  are 

*  White,  C.  Am  On  Invertebrate  fossils  from  the  Pacific  coast :  U.  S.  Geol.  Snnrey  Bull. 
61,  pp.  64-70,  1889.  Dall,  W.  H.,  Report  on  coal  and  lignite  of  Alaska  :  U.  S.  Geol.  Surrey 
Seventeenth  Ann.  Kept.,  pt.  1,  p.  871,  1896. 


ALASKA  PENINSULA.  61 

possibly  younger  than  the  Lower  Jurassic  (?)  rocks  exposed  on  Cold 
and  Alinchak  bays. 

The  presence  of  the  Tuxedni  formation  on  the  Alaska  Peninsula 
is  indicated  by  fossils  collected  on  the  west  shore  of  Dry  Bay  and 
near  Becharof  Lake.  The  localities  at  which  these  fossils  were  ob- 
tained have  not  been  visited  by  a  geologist,  so  the  occurrence  can  not 
be  described,  nor  can  even  the  presence  of  the  formation  be  posi- 
tively affirmed. 

The  oldest  rocks  of  undoubted  Jurassic  age  on  Cold  Bay  are  some 
sandstones,  shales,  and  conglomerates  that  carry  the  Cadoceraa  fauna 
(Upper  Jurassic)  of  the  Chinitna  shale.  The  cliffs  on  the  north- 
east shora  of  Cold  Bay  contain  a  thick  section  of  strata  carrying  the 
fauna  of  the  Chinitna  shale,  but  neither  the  bottom  nor  the  top  of 
these  beds  has  been  clearly  recognized,  for  the  contacts  with  the 
adjacent  formations  are  probably  faults.  The  contact  of  this  forma- 
tion with  the  underlying  Lower  Jurassic  (?)  shales  and  sandstones 
(see  p.  60)  is  about  1^  miles  northwest  of  Cape  Kekurnoi.  Here  the 
Lower  Jurassic  (?)  rocks  are  either  overlain  by  or  faulted  against 
soft  brownish  shales,  several  hundred  feet  thick,  which  are  overlain 
by  a  heavy  bed  of  coarse  conglomerate.  Above  this  conglomerate  are 
sandstones  interbedded  with  thinner  strata  of  shale  and  conglom- 
erate that  form  the  cliffs  for  about  2  miles  and  have  an  estimated 
thickness  of  probably  1,000  to  1,200  feet.  The  fossils  contained  in 
lot  No.  3106  were  obtained  from  a  fine  conglomerate  near  the  top  of 
these  beds.  The  overlying  rocks  are  massive  sandstones,  possibly 
1.400  feet  thick,  overlain  by  200  feet  of  dark  shales.  Near  the  top 
of  these  shales  is  a  thin  band  with  abundant  fossils,  as  in  No.  3105. 
Above  these  shales  are  coarse  gray  sandstones  apparently  containing 
no  fossils  except  Belemnitea  and  probably  1,200  or  1,500  feet  thick. 
These  beds  are  separated  by  a  fault  from  the  known  Upper  Jurassic 
rock  northwest  of  them. 

The  following  section  was  measured  by  T.  W.  Stanton  in  the 
cliffs  on  the  southwest  shore  of  Cold  Bay.  The  base  of  the  section 
is  at  Cape  Aklek  and  its  top  is  at  Lathrop^s  store.  Neither  the  base 
nor  the  top  of  the  formation  is  exposed. 

Section  of  part  of  Chinitna  formation  on  aouthtoestem  shore  of  Cold  Bay, 

Peet. 

Shaly  Bandstone  with  some  beds  of  shale  and  with  Belem- 

nite8 800± 

Ck>arse  gray  sandstone  with  thinner  beds  of  more  shaly 
sandstone  and  some  bands  of  conglomerate.  Cadoceras, 
PhyUoceraBy  and  Belemnitea  found  sparingly  from  base 
to  above  the  middle 1,000 

Dark  shaly  sandstone,  with  some  beils  of  shale  and  thinner 
bands  and  local  lenses  of  conglomerate.  Belemnites  abmi- 
dant  in  conglomerate  about  100  feet  above  the  base 400 
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The  following  section,  which  was  measured  by  the  writer  about 
10  miles  southwest  of  Cold  Bay,  shows  the  character  of  the  upper  beds 
of  this  formation  and  the  contact  with  the  overlying  rocks : 

Section  of  part  of  Chinitna  formation  on  hiUHde  east  of  Rex  Creek,  1  mile 

above  head  of  Dry  Bay, 

Pect. 
Shale  and  sandstone  (overlain  by  600  feet  of  arkose,  sand- 
stone, and  shale  belonging  to  Naknek  formation) 500 

Sandstone 90 

Argillaceous  shale 400 

Sandstone,  shale,  and  conglomerate 300 

All  the  rest  of  the  Upper  Jurassic  rocks  now  known  in  Alaska 
Peninsula  have  been  grouped  in  the  Naknek  formation,  which  is 
composed  of  beds  of  arkose,  conglomerate,  sandstone,  and  shale  aggre- 
gating several  thousand  feet  in  thickness  and  carrying  a  marine  fauna 
characterized  by  species  of  AuceUa  related  to  AuceUa  pdUcm  and 
Aucella  hronni.  The  Naknek  formation  has  been  recognized  at  many 
places  on  the  Alaska  Peninsula  from  the  shores  of  Cook  Inlet  to 
Herendeen  Bay.  It  covers  large  areas,  probably  being  the  most 
extensive  of  the  surface  formations,  and  may  be  areally  continuous 
throughout  the  greater  part  of  the  length  of  the  peninsula. 

The  Naknek  formation  of  Cold  Bay  and  vicinity  has  been  de- 
scribed very  briefly  in  a  previous  report.'^  It  consists  of  arkose,  con- 
glomerate, sandstone,  and  shale,  and  rests,  without  observed  uncon- 
formity, upon  the  Chinitna  formation,  as  is  shown  in  the  following 
section : 

Section  of  lovcer  part  of  Naknek  formation  on  east  side  of  Rex  Creek  about 

1  mile  above  head  of  Dry  Bay. 

Feet 

Arkose,  sandstone,  and  shale 600 

Chinitna   formation    (shale  and   sandstone,   as  in   section 

above). 

The  thickness  of  the  Naknek  formation  in  the  Cold  Bay  district 
has  not  been  measured  but  is  probably  between  3,000  and  5,000  feet. 
No  overlying  formation  has  been  seen. 

The  befit  exposures  are  in  the  high  cliffs  along  the  southwest  shore 
for  about  2  miles  below  the  head  of  Cold  Bay.  The  southern  half 
of  these  cliffs,  according  to  unpublished  notes  by  T.  W.  Stanton,  is 
composed  mainly  of  conglomerate,  the  lower  beds  being  rather 
coarse,  interbedded  with  coarse  sandstone  and  with  some  shaly  beds. 
One  of  the  shaly  beds  near  the  base  of  the  exposure  is  several  feet 
thick  and  contains  a  few  small,  indeterminate  pelecypods.    The  beds 

"  Maxiin,  G.  C,  The  petroleum  fields  of  the  Pacific  coast  of  Alaska :  17.  S.  Geol.  Surrey 
Bull.  250,  pp.  52-63,  1905. 
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in  this  part  of  the  cliff  are  nearly  horizontal  and  have  a  thickness 
of  approximately  400  feet.  A'bout  the  middle  of  the  cliff  there  is  a 
fault,  north  of  which  the  beds  have  a  much  steeper  northwesterly 
dip  and  contain  no  conglomerate  but  a  great  thickness  of  shaly  and 
thin-bedded  sandstones  overlain  by  more  massive  sandstone,  above 
which  are  several  hundred  feet  of  dark  sandy  shales.  The  total 
tliickness  between  the  fault  and  the  head  of  the  bay  is  probably 
1,500  feet.  The  fossils  contained  in  lot  No.  3102  came  from  the 
lower  part  of  these  beds. 

The  Naknek  formation  is  exposed  over  a  large  area  between  the 
head  of  Cold  Bay  and  the  southeast  shore  of  Becharof  Lake.  Sev- 
eral collections  of  characteristic  Upper  Jurassic  fossils  were  obtained 
on  creeks  tributary  to  Becharof  Lake.  A  large  proportion  of  the 
rock  exposed  in  this  area  is  conglomerate. 

STRUCTUKB. 

The  most  striking  structural  features  are  an  anticline  with  a  north- 
east-southwest axis  extending  from  a  point  3^  miles  above  the  mouth 
of  Oil  Creek  to  Kanata  and  a  i^ncline  extending  from  a  point  near 
the  mouth  of  Oil  Creek  northeastward  into  Cold  Bay.  The  north 
end  of  this  syncline  is  cut  off  by  a  fault  which  extends  up  the  valley 
of  Dry  Creek.    The  anticljne  terminates  by  flattening  out. 

The  dip  is  rather  uniformly  northwestward  on  the  north  shore  of 
Cold  Bay  and  on  the  north  side  of  Dry  Creek.  Along  the  south- 
eastern side  of  Becharof  Lake  it  is  northwestward  and  westward. 
On  the  western  shore  of  Cold  Bay  the  dip  is  northwestward  or  the 
l)eds  are  horizontal.  On  Dry  Bay  the  dip  is  southeastward.  The 
dips  seldom  exceed  15^,  except  toward  the  mouth  of  the  bay,  and  are 
low  and  regular  over  wide  areas. 

The  beds  in  the  region  between  Becharof  Lake  and  the  Becharof- 
Cold  Bay  divide  have  a  uniform  westward  and  northwestward  dip. 
This  dip  is  reversed  again  near  the  center  of  the  peninsula,  so  that 
part  of  Becharof  Lake' lies  in  a  syncline,  while  near  its  northwestern 
shore  a  sharp  anticline  is  said  to  rise,  which  brings  to  the  surface 
not  only  the  entire  sedimentary  series  but  also  the  mass  of  coarse 
crystalline  rocks.  There  is  also  a  great  anticline  parallel  to  the 
southern  coast  that  has  its  axis  near  the  ends  of  the  f  orelanda 

PETB0LET7M. 
SEEPAGES. 

Several  seepages  occur  at  the  north  end  of  the  anticline  near  the  oil 
wells  (see  PI.  X),  and  at  all  of  those  seen  by  the  writer  the  flow  of 
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petroleum  is  large  and  constant.  One  of  them  furnished  lubricating 
oil  for  use  at  the  wells,  and  another  produced  a  considerable  flow  of 
gas.  Other  seepages,  not  seen  by  the  writer,  are  reported  from 
different  places  along  the  crest  of  this  fold,  near  the  head  of  Dry 
Bay,  and  elsewhere  between  that  point  and  Kanata.  Larger  seepages 
are  said  to  occur  on  the  west  shore  of  the  south  arm  of  Becharof  Lake. 

RESmUE. 

Some  of  the  seepages  of  petroleum  on  the  hillsides  near  the  oil 
derricks  5  miles  inland  from  Cold  Bay  are  continuous;  others  are 
intermittent.  The  petroleum  runs  down  the  hillsides  into  the  water- 
courses and  collects  at  the  bottom  in  peat  bogs.  Losing  enough  of 
its  volatile  constituents  by  evaporation  to  become  immobile,  it  remains 
there,  impregnating  the  peat'  and  forming  over  its  surface  a  thick 
coating  of  black  paraffin  wax. 

These  deposits  have  already  proved  most  useful  in  the  develop- 
ment of  the  region,  for  the  peat,  impregnated  with  the  paraffin  wax, 
is  a  fuel  of  great  value,  replacing  even  the  coal  from  the  mines  of 
Puget  Sound,  which  was  imported  for  use  under  the  boilers  used  in 
drilling.  The  deposit  that  furnished  this  fuel  in  1903  and  1904 
covers  about  3  acres.  In  some  places  the  material  has  been  dug  to 
a  depth  of  about  3  feet  without  reaching,  bottom.  Another  deposit, 
which  has  an  area  of  8  acres  and  a  thickness  of  at  least  10  feet,  has 
also  been  discovered  in  the  vicinity,  and  many  more  will  doubtless  be 
found. 

Chemical  and  calorimetric  tests  of  the  petrolemn  residue  have  been 
made  by  Penniman  &  Browne,  of  Baltimore.  The  result  of  their 
tests  is  as  follows : 

Chemical  and  calorimetric  testB  of  petroleum  residue. 

Moisture per  cent None. 

Volatile  matter do 85. 40 

Fixed  carbon do 7. 76 

Ash do 6.84 

100.00 

Sulphur do .  36 

Soluble  in  gasoline do 68.20 

Heating  value calories—    8, 193 

The  test  shows  a  material  that  compares  favorably  with  most  of 
the  coals  sold  on  the  Pacific  coast.  It  is,  indeed,  superior  to  those 
in  calorific  power,  ash,  and  quantity  of  sulphur.  The  percentage 
indicated  in  the  table  as  soluble  in  gasoline  represents  the  petroleum 
residue,  the  remaining  31.80  per  cent  consisting  of  peat  and  earthy 
material. 
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WELLS. 

Drilling  in  the  vicinity  of  Cold  Bay  was  begun  in  the  summer  of 
19()3  and  was  continued  in  1904.  Two  companies  drilled  two  wells 
each.  Three  wells  were  begun  in  the  summer  of  1903.  They  are 
about  6  miles  from  the  landing  on  the  western  shore  of  Cold  Bay, 
at  an  elevation  of  about  750  feet  above  sea  level,  and  are  about  9 
miles  in  an  air  line  from  Becharof  Lake.    (See  PI.  XI.) 

One  of  the  wells  drilled  by  J.  H.  Costello  at  an  elevation  of  780 
feet  near  the  headwaters  of  Oil  Creek  during  the  summer  of  1903 
was  abandoned  in  the  autumn,  because  of  a  crooked  hole,  at  a  depth 
of  728  feet,  and  the  derrick  was  moved  to  a  new  site  a  few  hundred 
feet  distant.  Very  little  drilling  had  been  done  at  this  point  up  to 
the  time  the  writer  left  Alaska,  in  September,  1904,  but  it  was  re- 
ported that  the  well  was  only  spudded  in  and  reached  a  depth  of 
15  feet. 

Log  of  Co8t€llo*8  well  No,  1,  at  Cold  Bay. 
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Another  well,  also  begun  in  1903,  was  drilled  by  the  Pacific  Oil  & 
Commercial  Co.,  at  an  elevation  of  580  feet,  on  the  divide  between 
Trail,  Dry,  and  Becharof  creeks,  to  a  depth  of  1,421  feet.  The  drill 
is  said  to  have  penetrated  several  strata  filled  with  thick  residual  oil 
having  about  the  consistency  of  warm  pitch.  This  well  was  finally 
abandoned  in  the  summer  of  1904  because  of  the  strong,  continual 
flow  of  fresh  water.  It  seems  safe  to  assume  that  this  well  is  near  a 
fault.  This  assumption  may  explain  the  presence  of  large  quantities 
of  fresh  water  at  all  depths  and  the  absence  of  the  more  volatile  and 
fluid  constituents  in  the  oil.  In  1904  the  machinery  from  this  well 
was  moved  to  a  new  location  about  2^  miles  to  the  southeast,  on  Trail 
Creek,  and  here  a  well  was  drilled  to  a  depth  of  1,524  feet,  where  the 
tools  were  lost  in  October  of  that  year. 
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Log  of  Pacific  Oil  d  Commercial  Co: 9  tcell  No,  i,  at  Cold  Bay  (elevation,  580 

feet). 
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Log  of  Pacific  Oil  d  Commercial  Co: 9  well  No,  2,  at  Cold  Bay  (elevation,  175 

feet  at  Trail  Creek). 
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The  tools  were  lost  in  October,  1904. 


CHARACTER  OP  THE  PETROLEUM. 


A  sample  of  oil  from  the  large  seepage  at  the  head  of  Oil  Creek 
was  collected  by  the  writer  in  1904.  This  sample  was  obtained  by 
skimming  the  petroleum  from  the  surface  of  the  pools  of  water,  where 
it  was  continually  rising  from  the  bottom.  An  effort  was  made  to 
obtain  as  much  of  the  fresher  oil  as  possible.  Vegetable  and  earth 
impurities  were  removed  by  straining  through  coarse  cloth.  Water 
could  not  be  entirely  removed.  Oil  for  lubrication  at  the  neighboring 
wells  is  obtained  from  these  pools  in  this  manner. 


ALASKA  PENINSULA.  67 

The  fresher  oil  is  dark  green ;  that  which  has  remained  on  the  sur- 
face of  the  iK>ol  for  some  time  is  dark  brown. 

The  oil  has  doubtless  lost  a  large  part  of  its  volatile  constituents, 
so  that  the  analyses  would  not  correctly  represent  the  composition  of 
li?e  oil  from  wells  in  this  region.  Such  live  oil  would  have  a  lower 
specific  gravity,  a  higher  percentage  of  the  more  volatile  constituents, 
and  a  lower  percentage  of  the  less  volatile  constituents,  residue,  and 
sulphur.  It  would  certainly  be  better  than  these  samples  in  all  re- 
spects and  would  resemble  them  in  having  a  paraffin  base.  It  might 
not  be  as  good  as  the  Controller  Bay  petroleiun  but  would  neverthe- 
less be  a  refining  oil.  The  sample  was  submitted  to  Penniman  & 
Browne,  of  Baltimore,  who  returned  the  following  report  of  their 
tests: 

Report  of  tests  of  oil  from  Cold  Bay. 

Specific  gravity  at  eO**  F 0.9547  (16. 6°  B.) 

Distillation  by  Engler's  method: 

Initial  boiling  point •*  O—  225 

Burning  oil  (dlstUlatlon  up  to  SOO"*  C,  under 

atmospheric  pressure) per  cent—  13. 3  (29. 6*  B.) 

Liubricatlng  oils  (spindle  oils)  (120  mm.  pres- 
sure up  to  300**  C.) per  cent..  28.3  (28. 8**  B.) 

Lubricating  oils  (120  mm.  pressure,  dOO"*  C.~ 

850'*  C.) per  cent_  18. 3  (18**  B.) 

Paraflin  oils   (by  destructive  distillation  un- 
der atmospheric  pressure) per  cent—  32.0  (20.4**  B.) 

Coke  and  loss do 8. 1 

Total  sulphur do 0. 116 

The  lubricating  oils  were  distilled  under  dlminLshlng  pressure,  according  to 
reftnerj'  practice,  until  signs  of  decomposition  set  in.  The  residue  was  unsuit- 
able for  making  cylinder  stock,  and  was  therefore  distilled  for  paraffin  oils. 
These  paraffin  oils  contain  a  considerable  quantity  of  solid  paraffin,  how  much 
:t  was  not  practicable  to  determine  with  the  small  quantity  of  oil  furnished. 

The  iodine  absorption  of  the  oils  and  distillates  has  been  determined  by 
Hanus*8  method  (solution  standing  four  hours)  and  the  results  are  tabulated 
helow :  , 

iodme  absorption  of  oils  and  distillates. 

Per  cent. 

Burning  oil ^ 17.2 

Lubricating  oil 27.2 

Heavy  lubricating  oil 35. 2 

For  comparison,  samples  of  similar  oils  were  obtained  from  the  Standard  Oil 
Co.  and  their  loiline  numbers  determined  as  follows  : 

Ught  distiUated  lubricating  oil  (spindle  oil).     32  per  cent  iodine. 
Dark  lubricating  oil  (engine  oil) 45.4  per  cent  iodine. 

The  burning  oils  were  tested  in  a  small  lamp  and  found  to  give  a  good  flame. 
All  the  oil  was  consumed  without  incrustlng  the  wick  or  corroding  the  burner. 
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The  sample  of  crude  oil  from  Gold  Bay  was  distilled  in  such  a  way  as  to  give 
the  maximum  yield  of  burning  oil ;  under  these  conditions  52.2  per  cent  of  fair 
quality  burning  oil  was  obtained. 

The  oils  are  entirely  similar;  both  have  paraffin  bases,  and  the  products  of 
distillation  are  "sweet."  We  are  informed  that  these  samples  are  "seepage 
oils."  If  a  sufficient  quantity  can  be  had  by  drilling,  an  oil  suitable  for  refining, 
containing  a  very  much  larger  quantity  of  the  more  desirable  lighter  products, 
may  be  obtained. 

CXDNCLUSIONS. 

The  seepages  near  Cold  Bay  indicate  that  some  of  the  Jurassic  rocks 
there  may  contain  considerable  petroleum.  The  reported  seepages 
between  Cold  and  Portage  bays  and  near  Becharof  Lake  apparently 
indicate  a  considerable  extension  of  the  possible  oil-bearing  belt.  The 
character  of  the  Jurassic  rocks  at  Cold  Bay,  which  contain  numerous 
thick,  porous  beds  and  an  abundance  of  organic  matter,  indicates  that 
strata  from  which  oil  can  be  generated  and  in  which  it  can  be  stored 
extend  through  a  considerable  thickness  of  rocks  and  over  a  wide 
area.  The  structure  in  parts  of  the  district  where  the  dips  are  low 
and  uniform  appears  to  be  favorable  to  the  presence  of  petroleum. 
The  dips  in  a  large  part  of  the  region  do  not  exceed  10°  or  15°,  but 
in  some  areas  the  dip  is  steeper  and  several  faults  haye  been  noted. 
The  few  shallow  wells  that  were  drilled  at  Cold  Bay  afforded  no  con- 
clusive test  of  the  district.  Drilling  has  been*  restricted  to  a  very 
small  area  which  probably  does  not  include  the  more  promising  part 
of  the  district.  Certain  areas,  notably  the  reported  anticlines  and 
zones  of  seepages  between  Cold  and  Portage  bays  and  near  the  west 
arm  of  Becharof  Lake,  may  be  worthy  of  further  tests  with  the  drill, 
but  the  wells  should  be  located  according  to  competent  geologic 
advice. 

Probably  other  areas  on  Alaska  Peninsula  may  be  at  least  as  prom- 
ising as  the  Cold  Bay  area.  In  fact,  the  entire  area  of  Jurassic  sedi- 
mentary rocks  in  the  peninsula  may  be  worthy  of  preliminary  pros- 
pecting, and  probably  the  most  promising  localities  for  drilling  have 
not  yet  been  found. 

ARCTIC   COAST. 

Indications  of  petroleum  have  been  reported  from  several  localities 
on  the  Arctic  coast  and  elsewhere  in  northern  Alaska.  Petroleum 
may  be  found  at  many  places  in  the  Arctic  coastal  plain,  but  even  if 
an  oil  pool  were  discovered  in  this  northern  field  the  difficulties  of 
transportation  would  prohibit  commercial  development  except  by 
enormous  expenditures.  The  only  available  harbors  are  shallow 
lagoons  that  are  locked  in  ice  for  at  least  10  months  of  the  year. 
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An  occurrence  of  petroleum  residue  on  Smith  Bay,  about  50  miles 
east  of  Point  Barrow,  has  been  described  by  Leffingwell "  as  follows : 

At  Cape  Simpson,  on  the  west  side  of  Smith  Bay,  there  are  two  conspicuous 
moaoda  The  writer  has  been  informed  by  natives  that  the  northern  mound 
rtmtalned  a  petroleum  residue,  but,  according  to  information  furnished  by 
stef&Dsson,  this  residue  is  contained  in  a  pool  a  few  hundred  yards  from  the 
moiiDd.  A  sample  was  secured  from  a  keg  of  the  material  collected  by  natives 
in  the  employ  of  Mr.  C.  D.  Brower,  of  Barrow.  It  resembles  axle  grease.  An 
analysis  by  David  T.  Day  is  given  below.  The  deposit  is  near  the  seashore, 
•nd  the  natives  say  that  a  considerable  amount  could  easily  be  dug  out  with 
.«padea 

CampoHtion  of  petroleum  residue  from  Cape  Simpson,  Alaska, 

Watfer  and  soluble  matter 22 

Alcoholic  extract  (resins  and  some  oil) 8 

Naphtha  extract : 

Light  oil 12 

Heavy  oU 16 

Benzol  extract  (asphaltic  material) 11 

Clay  and  vegetable  fiber 29 


08 

Another  possible  occurrence  of  petroleum  is  reported  on  the  coast 
about  300  miles  farther  east,  or  about  35  miles  west  of  the  Alaska- 
Yukon  boundary,  where,  according  to  LeflSngwell,'^  "  natives  report 
another  petroleum  mound  between  Humphrey  Point  and  Aichillik 
Biver,  near  the  coast." 

It  has  been  stated  by  Brooks  "^  that  an  oil  seepage  was  discovered 
in  1914  near  Wainwright  Inlet,  about  130  miles  west  of  Smith  Bay, 
but  later  information  indicates  that  the  discovery  was  farther  east, 
possibly  at  the  Smith  Bay  locality. 

Another  possible  indication  of  petroleum  has  been  found  on  Col- 
rille  River,  which  Stoney  ■*  described  as  "  a  substance  called  wood 
by  the  natives ;  it  was  hard,  brittle,  light  brown  in  color,  very  light 
in  weight,  and  burned  readily,  giving  out  quantities  of  gas.'' 

According  to  Dall,*'  who  may  have  seen  either  the  specimen 
brought  out  by  Stoney  or  Stoney's  lost  original  report,  the  material 
was  possibly  ozokerite  and  was  described  as 

A  brown  material  resembling  powerfully  compressed  peat,  recalling  pitch  in 
iiardness  and  weight  but  not  brilliant  nor  disposed  to  melt  with  heat  but  making 
a  clean  cut  like  "  plug  *'  tobacco  when  whittled  with  a  knife.    This  material  was 

• 

"*  Leflingwell,  B.  deK.,  The  Canning  River  region,  northern  Alaska :  U.  S.  Geol.  Survey 
Prof.  Paper  109,  pp.  178^179,  1919. 

»  Op.  clt.,  p.  178. 

*  Brooka,  A.  H.,  The  AUakan  mining  induatry  in  1915  <  U.  S.  GeoL  Survey  Bull.  642, 
p.  52,  1910. 

*»  Stoney,  O.  M.,  Naval  explorations  in  Alaska,  1900,  p.  69. 

■  Dall,  W.  H.,  Beport  om  coal  and  lignite  of  Alaska :  Seventeenth  Ann.  Bept.  U.  S.  Geol. 
"^arvey.  pt.  1,  pp.  81S-S19,  1896. 


70  PETROLEUM  IN  ALASKA, 

sufficiently  in£ammable  to  ignite  and  bum  with  a  steady  flame  on  applying  a 
match  to  a  corner  of  it,  so  that  in  their  cold  and  weary  Journey  it  formed  a 
most  welcome  substitute  for  wood  or  other  fuel  for  the  camp  Are. 

Eeference  to  DalPs  description  of  this  material  was  made  by  Ked- 
wood,^*  who  said  that  "  from  the  description  there  is  little  doubt  that 
the  substance  is  desiccated  petroleum." 

The  possible  occurrence  of  similar  material  in  the  Noatak  Valley 
is  suggested  in  the  following  statement :  "* 

Near  the  mouth  of  the  Noatak,  not  far  from  the  camp  of  August  25,  a  pros- 
pector reported  finding  a  recent  deposit  of  material  that  he  has  used  as  fuel 
Specimens  from  this  place  show  a  dark-brown,  compact  material  that  bums 
readily  in  the  flame  of  a  match  and  gives  out  considerable  smoke  and  oil  but 
leaves  practically  no  ash.  David  White,  who  examined  the  material,  reports 
that  the  specimen  Is  composed  entirely  of  large  fern  spores  and  resembles  the 
so-culled  "  bogheads.**  This  deposit  was  not  seen  in  place  and  no  facts  as  to 
its  extent  or  relations  were  learned.  If  there  is  enough  of  it,  the  deposit  sliould 
have  considerable  value  as  a  local  fuel. 

The  possible  presence  of  an  oil  seepage  near  Cape  Beaufort  is 
indicated  by  Woolf e's  statement :^^  "I  have  noticed  on  the  shelving 
banks  of  a  small  stream  that  runs  through  the  coal  lands  an  oil 
exudation  resembling  crude  petroleum." 

The  occurrences  cited  above  suggest  that  there  may  be  petroleum 
at  many  places  in  the  Arctic  coastal  plain,  and  that  possibly  there 
may  be  a  more  or  less  continuous  oil-bearing  belt  extending  across 
northern  Alaska.  The  Arctic  coastal  plain  is  composed  of  nearly 
horizontal  unconsolidated  or  poorly  consolidated  Tertiary  and  Qua- 
ternary sediments,  which  rest  in  places  upon  gently  folded  Cretaceous 
and  Jurassic  rocks.  The  geology  of  parts  of  the  province  has  been 
described  by  Collier,"®  Schrader,*^  and  Leffingwell.** 

POSSIBILITIES   OF  PETROLEUM   IN   OTHER   PARTS   OP 

ALASKA. 

Petroleum  may  be  discovered  in  other  parts  of  Alaska,  especially 
in  the  unsurveyed  areas,  but  the  chances  of  finding  it  in  anv  of  the 
better-known  districts  besides  those  described  in  this  report  are 
very  small.  In  much  of  Alaska  there  is  practically  no  hope  of 
discovering  oil. 

^  Redwood,  Bovorton,  A  troatlHe  on  petroleum,  3d  od.,  p.  184,  London,  1913. 

»« Smith,  P.  S.,  The  Noatak-Kobuk  region,  Alaska:  U.  S.  Geol.  Survey  Bull.  636, 
p.  153,  1013. 

"Woolfe,  H,  D.,  The  seventh  or  .Arctic  district:  Report  on  population  and  resoiircet 
of  Alaska  at  the  Eleventh  Census,  p.  133,  1893. 
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The  regions  that  can  be  definitely  excluded  from  the  list  of  pos- 
sible oil  fields  include  all  the  areas  of  igneous  and  mineralized  rocks 
in  southeastern  Alaska ;  the  areas  of  intrusive,  volcanic,  and  mineral- 
ized rocks  in  the  Copper  Eiver  valley;  the  areas  of  metamorphic 
and  igneous  rocks  of  Prince  William  ijSound,  Kenai  Peninsula,  and 
Kodiak  Island;  the  areas  of  igneous  and  mineralized  rocks  in  the 
Talkeetna  Mountains  and  Susitna  Valley;  the  areas  of  schists, 
granites,  and  other  igneous,  metamorphic,  and  mineralized  rocks  in 
the  Yukon-Tanana  region  and  other  parts  of  the  Yukon  Valley; 
and  all  of  6eward  Peninsula. 

For  many  years  there  have  been  frequent  reports  of  the  discovery 
of  oil  seepages  and  gas  springs  on  Prince  William  Sound  and  Kenai 
Peninsula,  especially  in  the  vicinity  of  Cordova  and  Seward.  Most, 
if  not  all,  of  these  supposed  seepages  are  in  swampy  areas  and  may 
be  caused  by  decaying  organic  material  in  the  mud.  The  geology 
of  all  parts  of  Prince  William  Sound  and  of  the  mountainous  parts 
of  Kenai  Peninsula  is  very  unfavorable  to  the  occurrence  of  petro- 
leum or  natural  gas. 

At  Seward  some  interest  has  been  aroused  over  the  discovery  of  in- 
flammable gas  issuing  from  the  mud  and  water  at  several  localities 
in  the  swamps  along  the  railroad.  The  rocks  near  these  localities,  as 
described  by  Grant,"*  are  slates  that  have  been  metamorphosed  and 
folded  to  a  degree  which  makes  it  impossible  for  accumulations  of 
oil  or  gas  to  be  retained  in  them.  Although  it  is  reported  that  a  con- 
siderable volume  of  inflammable  gas  issues  from  the  inud,  the  writer 
does  not  believe  that  it  is  other  than  ordinary  swamp  gas.  The  rea- 
sons for  this  belief  are  (1)  that  the  gas  has  been  seen  only  in  swampy 
areas  where  there  is  an  adequate  probable  source  in  decaying  vege- 
table detritus,  (2)  that  no  accompanying  oil  has  been  reported,  (3) 
that  no  gas  has  been  seen  at  or  near  exposures  of  bedrock,  and  (4) 
that  the  neighboring  rocks  are  so  metamorphosed  and  folded  that 
they  can  not  be  considered  as  a  probable  source  of  oil  or  gas. 

Unverified  reports  of  oil  seepages  on  the  east  shore  of  Cook  Inlet 
are  probably  based  on  the  occurrence  of  gas  and  scum  given  off  from 
decaying  organic  matter  in  the  mud  or  on  iron-stained  or  sulphurous 
waters  derived  from  beds  of  lignite.  It  is  possible  but  not  probable 
that  the  gently  dipping  and  poorly  consolidated  lignite-bearing 
Tertiary  strata  on  the  east  shore  of  Cook  Inlet  ^®  may  contain  pe- 
troleum. If  they  do,  the  petroleum  may  have  been  derived  from 
underlying  Jurassic  rocks,  and  its  distribution  is  probably  restricted, 
irregular,  and  without  any  relation  to  the  beds  that  are  exposed  at 
the  surface. 

*■  Grant,  n.  8.,  Geology  and  mineral  resources  of  Kenai  Penlnanla,  Alaska :  U.  S.  Qeol. 
Sonrey  Bull.  587,  pp.  211-212,  217,  1915. 

**  Martin,  G.  C,  Johnson,  B.  L.,  and  Grant,  U.  S.,  Geology  and  mineral  resources  of 
Kenai  Peninsula.  Alaska :  U.  S.  Geol.  Survey  Bull.  587,  pp.  67-107,  1016. 
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Oil  claims  have  been  staked  near  the  head  of  Cook  Inlet,  near 
Wasilln  and  Anchorage,  but  no  indications  of  oil  have  been  found  at 
these  localities,  so  far  as  known.  The  surface  exposures  in  the  vicin- 
ity of  Wasilla  and  Anchorage  consist  of  Quaternary  silts  and  gravels, 
which  are  believed  to  be  underlain  either  by  Tertiary  lignite-bearing 
strata  like  those  of  the  east  shore  of  Cook  Inlet  or  by  slaty  rocks  like 
those  of  the  Kenai  Mountains.  It  is  possible  that  swamp  gas  derived 
from  decaying  vegetable  material  in  the  mud  may  have  misled  some- 
one into  believing  that  there  were  indications  of  oil  at  these  localities. 

It  has  been  reported  that  there  are  seepages  at  the  mouth  of  Little 
Susitna  River  and  near  Tyonek.  The  known  exposures  in  the  vicinity 
of  the  mouth  of  Little  Susitna  River  are  Quaternary  silts  and 
gravels.  Tertiary  lignite-bearing  beds  are  exposed  near  Tyonek,"* 
but  no  oil  seepages  have  been  seen  by  any  of  the  six  or  more  Survey 
geologists  who  have  visited  the  locality. 

At  Yakutat  and  Lituya  bays  there  are  Tertiary  rocks  that  may 
mark  an  eastern  extension  of  the  Tertiary  rocks  of  the  Controller  Bay 
and  Yakataga  districts.  The  supposed  presence  of  petroleum  at 
Yakutat  *®  has  caused  some  excitement,  but  it  is  unlikely  that  seep- 
ages were  found.  Most  of  the  coast  between  the  Yakataga  district 
and  Lituya  Bay  is  heavily  covered  with  glacial  and  alluvial  deposits. 
Oil-bearing  rocks  may  possibly  occur  beneath  these  imconsolidated 
deposits  or  may  protrude  through  them  at  isolated  localities,  but 
there  is  no  reason  to  believe  that  oil  will  be  found  at  any  special 
localities  or  that  expenditures  in  search  of  oil  would  be  justified. 

Several  oil  claims  have  been  staked  near  Cape  Spencer.  It  is  said 
that  several  years  ago  some  Indians  who  worked  at  the  cannery  at 
Dundas  Bay  brought  in  a  sample  of  petroleum  but  refused  to  tell 
where  it  was  found.  A  white  man  is  also  said  to  have  reported  find- 
ing oil  in  this  region.  In  1920  several  members  of  the  crew  of  the 
U.  S.  S.  TTenshaw  found  what  they  believed  to  be  petroleum.  They 
were  hunting  and  found  black  peat  and  what  they  believed  to  be  an 
oil  skim  on  the  surface  of  a  pool.  No  detailed  information  concern- 
ing the  rocks  at  Cape  Spencer  is  at  hand.  The  only  available  geo- 
logic map*^**  shows  this  locality  included  in  "Paleozoic  limestones, 
schists,  phyllites,  and  greenstone  lavas  and  tuifs."  This  map  repre- 
sents a  belt  of  "Tertiary  sandstone,  conglomerates,  and  rhyolitic 
lavas  and  tuffs"  trending  toward  Cape  Spencer,  and  the  supposed 
seepages  may  lie  in  this  bolt. 

»»  Brooks,  A.  II.,  Th«  Mouul  McKiulcy  roplon,  Alaska:  U.  S.  Geol.  Survey  Prof.  Paper 
70,  pp.  95,  1S7,  1911. 

*^  Tarr,  K.  S..  The  Yakutat  Bay  region,  Alaska  :  U.  S.  Geol.  Survey  Prof.  Paper  64. 
pp.  lttO-170,  1000. 

«»•  Knopf,  -Adolph,  The  Sitka  mining  district,  Alaska:  U.  S.  Geol.  Survey  Bull.  604, 
pi.  1,  1912. 
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A  large  number  of  oil  claims  have  been  staked  near  Killisnoo,  on 
.Ulmiralty  Island.  It  is  not  known  that  seepages  have  been  dis- 
wered  at  this  locality.  The  rocks  near  Killisnoo  include  Tertiary 
<t)al-bearing  rocks  and  Carboniferous  limestones  and  schists.^^ 

It  has  been  reported  that  there  are  oil  seepages  near  Nushagak,  in 
the  Mulchatna  region,  and  on  the  east  shore  of  Andronica  Island, 
one  of  the  Shumagin  Islands,  but  these  reports  have  not  been 
confirmed. 

The  discovery  of  oil  seepages  has  also  been  reported  in  different 
parts  of  the  Yukon  basin,  notably  in  the  Tanana  Valley.  These 
••^ipposed  seepages,  so  far  as  investigated,  have  all  proved  to  be  films 
of  iron  oxide,  which,  especially  in  combination  with  marsh  gas, 
>imulate  seepages  of  petroleum.  Those  that  have  been  examined 
(M-cur  in  alluvial  deposits.  Some  gas  has  been  encountered  in  placer 
mining,  where  shafts  have  been  sunk  below  the  level  of  permanent 
ground  frost.  As  prospectors  have  been  frequently  misled  by  such 
occurrences  into  the  belief  that  they  had  found  petroleum  seepages, 
the  following  note  by  David  White  describing  simple  tests  is  quoted : 

Among  the  most  Important  surface  Indications  of  the  presence  of  oU  and  gas 
•It'I^ofsits  are  films  of  oil  on  water,  oil  seeps  or  springs,  gas  emanations,  asphaltic 
'lM(M)sit8,  lenticular  accumulations  of  rock  salt  or  sulphur,  and  rocks  saturated 
vith  oil  and  emitting  the  odor  of  petroleum.  However,  most  of  these  Indica- 
*ioQ3  should  be  examined  critically  with  respect  to  genuineness  as  well  as 
riatural  source,  especially  under  certain  conditions,  and  they  may  require  the 
■^Tutiny  of  a  specialist  In  geology  or  petroleum  chemistry.  In  most  of  the 
-cppo5«ed  petroleum  seepages  the  oil-like  substance  Is  In  reality  iron  oxide,  which 
'^mmonly  forms  an  iridescent  film  on  the  surface  of  water,  especially  in  marshy 
rlaces.  It  can  be  readily  recognized  by  the  fact  that  it  will  not  burn,  and  when 
-rlrred  with  a  stick  breaks  into  flakes  and  does  not  cover  the  water  evenly  like 
*rj  oil  film.  It  also  lacks  the  odor  of  petroleum ;  and  if  a  little  is  put  on  a  piece 
'tf  muslin  and  pressed  with  a  hot  flatlron,  the  familiar  iron  stain  is  formed. 
Another  simple  test  for  determining  the  nature  of  the  film  is  to  absorb  some 
'f  the  substance  In  a  blanket  or  burlap  and  after  allowing  it  to  dry  to  set  fire 
:•>  it.  If  the  substance  is  petroleum,  it  will  burn  with  a  long,  vigorous  flame 
ind  will  give  forth  the  odor  of  petroleum. 

It  was  reported  in  the  simimer  of  1920  that  a  petroleum  seepage 
had  been  discovered  in  the  vicinity  of  Healy  Creek,  near  the  southern 
margin  of  the  Nenana  coal  field.  The  rocks  in  the  valley  of  Healy 
Creek,  according  to  Capps,*^*'  include  loosely  consolidated  sands, 
lays,  and  gravels,  with  beds  of  .lignite  underlain  by  schists  and 
LTieous  rocks.  No  petroleum  seepages  or  geologic  structure  favor- 
af>le  to  the  occurrence  of  petroleum  were  described  by  Capps  or  were 
M?en  by  the  writer  *®''  in  the  neighboring  part  of  the  Nenana  coal 
field,  which  was  examined  in  detail  in  1916. 


**  Wfigbt,  C.  W.,  A  reconnaissance  of  Admiralty  Island :  V.  S.  Geol.  Snrvey  Bull.  267, 
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••  Martin,  G.  C,  The  Nenana  coal  field,  Alaska :  tJ.  8.  Geol.  Survey  Bull.  664.  54  p 
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There  are  said  to  be  oil  seepages  at  the  locality  known  as  the  Pali- 
sades or  the  Bone  Yard,  on  the  south  bank  of  the  Yukon  about  35 
miles  below  Xanana.  The  strata  exposed  in  the  river  bank  at  this 
locality,  according  to  Collier,****  include  poorly  bedded  and  uncon- 
solidated silt  and  gravel  containing  bones  of  the  mammoth  and  other 
mammals,  fresh-water  and  land  shells,  and  vegetable  remains  which 
form  thick  beds  "containing  wood  in  all  stages  of  change,  from 
pliable  sticks  to  brittle  brown  lignite."  The  lignite  from  this  lo- 
cality, according  to  Collier,  "  is  of  inferior  quality,  scarcely  changed 
from  wood  or  peat.  ^Vhere  examined  by  the  writer  this  peat  is 
mixed  with  red  sand,"  The  supposed  indications  of  petroleum  at 
this  locality  may  be  only  gases  or  liquids  given  off  in  the  surficial 
decay  of  the  vegetable  and  animal  remains. 

Petroleum  seepages  and  "  oil  shales  "  have  been  reported  from  the 
upper  Yukon  Valley,  but  these  reports  also  have  not  been  confirmed. 
Some  of  the  less-disturbed  areas  of  Carboniferous  and  Triassic  rocks 
in  the  upper  part  of  the  Yukon  Valley*^  may  possibly  contain  pe- 
troleiun,  but  the  search  for  petroleum  in  this  region  can  not  be 
encouraged  until  true  seepages  are  found. 

The  broad  areas  of  Mesozoic  rocks  in  the  Kuskokwim  *^  and  lower 
Yukon  *^  regions  may  possibly  contain  areas  in  which  the  geologic 
conditions  are  favorable  to  the  occurrence  of  petroleum,  but  no  such 
areas  are  now  known,  and  there  is  no  special  reason  to  suspect  their 
existence.  The  same  is  true  of  the  areas  of  Carboniferous  and  Cre- 
taceous rocks  in  the  Koyukuk,**  Kubuk,***  and  Noatak  valleys.  It 
has  been  reported*®  that  there  are  indications  of  petroleum  near 
Nulato,  but  this  report  has  never  been  confirmed. 

An  attempt  was  made  in  1906,  according  to  S.  H.  Cathcart,*^  to 
obtain  oil  at  Cape  Nome.  It  is  reported  that  gas  was  encountered 
at  a  depth  of  122  feet  which  blew  a  1,200-pound,  stem  75  feet  up  the 
hole.  A  second  hole,  176  feet  deep,  drilled  in  1906,  is  said  to  have 
shown  a  trace  of  oil.    No  further  drilling  was  done  until  the  sum- 
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mer  of  1918,  when  two  wells  were  drilled  ¥fith;jv  star  drill.  The  first 
well  was  abandoned  at  210  feet  owing  to  the  loss  of  a  bailer;  the 
iwond  reached  a  depth  of  about  150  feet  at  tB.e^£^d  of  the  season. 
The  hopes  of  the  operators  are  based  upon  the  su|>p,qsBd  gas  and  oil 
indications  encountered  in  1906 ;  upon  oil-like  films  of  ¥in}a]iown  com- 
|)osition  which  occur  on  the  lagoons  in  the  neighborhooil  ;->ii<,i,upon  a 
beach  foam  which  is  brought  in  by  the  on-shore  winds  atid  which 
they  suspect  to  be  paraffin.  The  hard  rocks  at  this  locality  are  gran- 
ite and  schist.  Kocks  of  this  kind  do  not  contain  oil  or  gas,  and^r{r 
i^  believed  that  any  gas  which  may  have  been  encountered  was  de- 
rived from  the  alluvial  deposits.  Petroleum  has  also  been  reported 
near  Port  Clarence,  *'  but  it  very  doubtful  whether  this  report  has 
any  substantial  basis. 
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Account  of  drilling  and  production  at  Katalla  in  1913. 

The  mineral  deposits  of  Alaska :  U.  S.  Geol.  Survey  Bull.  592,  p.  40, 


1914. 
Brief  description  of  occurrences  of  petroleum  in  Alaska. 

—  The  Alaskan  mining  Industrj^  In  1914:  U.  S.  Geol.  Survey  Bull.  C22, 
pp.  38-39.  43.  1915. 

Brief  statement  of  status  of  petroleum  industry  in  Alaska.    Account  of 
drilling  and  production  at  Katalla  in  1914. 

—  The  Alaskan  mining  industry  in  1915:  U.  S.  Geoh  Survey  Bull.  G42, 


pp.  52-53.  1916. 

Brief  statement  of  operations  at  Katalla  in  1915.    Note  of  reporttnl  dis- 
covery of  an  oil  seepage  near  Wainwrlght  Inlet. 

—  The  petn)leuni  fields  of  Alaska :  Am.  Inst  Mln.  Eng.  Bull.  98.  pp. 
199-207,  2  maps,  1915.  Also  in  Trana  Am.  Inst.  Miu.  Eng.,  vol.  51.  ])p. 
611-619.  2  flgs.,  1916. 

Summary  of  information  conceniing  the  Alaska  oil  fields  <H>mpiled  from 
various  publications. 

—  The  Alaskan  mining  industry  in  1916:  U.  S.  Geol.  Survey  Bull.  662. 


pp.  31-40,  1917. 

Sunmiary  of  Information  concerning  the  Alaska  oil  fields  complleii  from 
various  publications.    Brief  statement  of  operations  at  Katalla  in  1916. 

Alaska's  mineral  supplies :  IT.  S.  Geol.  Survey  Bull.  G6(>-F,  13  pp.,  1917. 

Brief  summary  of  Information  concerning  the  Alaska  oil  fields. 

Cathcart,  S.  H.,  Mining  in  northwestern  Alaska :  U.  S.  Geol.  Survey  Bull.  712, 
pp.  190-197,  1020. 

Account  of  drilling  for  oil  at  Cape  Nome  In  1906  and  1918. 
Dall,  W.  H.,  Observations  on  the  geology  of  Alaska :  Coast  Pilot  of  Alaska,  1st 
ed..  pt.  1,  p.  199,  1869. 

Brief  statement  of  occurrence  and   character  of  petroleum  on  Alaska 
Peninsula. 

Report  on  coal  and  lignite  of  Alaska:  U.  S.  Geol.  Survey  Seventeenth 

Ann.  Kept.,  pt.  1,  pp.  799.  818,  820,  1896. 

Brief  statement  that  petroleum  occurs  on  the  Alaska  Peninsula.     Refer- 
ence to  occurrence  of  residues?  (ozokerite?)  on  Colville  River,  by  Lieut. 
Howard,  and  of  petroleum  (?),  near  Cape  Beaufort,  by  Woolfe. 
Davidson,  Georoe,  Coast  Pilot  of  Alaska,  pt.  1,  p.  36,  1869. 

Brief  statement  concerning  discovery  of  petroleum  on  Alaska  Peninsula. 
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Pit,  D.  T.,  Petroleum :  U.  S.  Geol.  Survey  Mineral  Resources,  1907,  pt.  2,  p. 
413, 1908  (p.  71  of  separate). 
Brief  statement  of  operations  at  Katalla  in  1907. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1911,  pt.  2,  pp. 

1911  (p.  102  of  separate). 

Brief  statement  of  operations  at  Katalla  In  1910. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1911,  pt.  2,  pp. 

439^40. 1912  (pp.  111-112  of  separate). 

Account  of  drilling  at  Katalla  In  1911. 
Kldridge,  G.  H.,  The  coast  from  Lynn  Canal  to  Prince  William  Sound,  in  maps 
and  descriptions  of  routes  of  exploration  in  Alaska  In  1898:  U.  S.  Geol 
Surrey  Spec.  Pub.,  p.  104, 1899. 
Brief  description  of  geology  and  occurrence  of  petroleum  at  Cape  Yaka- 
taga. 
HuFEB,  H.,  Die  ErdOUagerst&tten  in  Alaska:  Petroleum,  Jahrg.  5,  No.  18,  pp. 
741-746.  3  figs.,  Berlin,  1910. 
Abstract  of  U.  S.  Geol.  Survey  Bulletin  250. 
KiBsopp,  John,  Jr.,  Tbe  coal  fields  of  Cook  Inlet,  Alaska,  U.  S.  A.,  and  tbe 
Pacific  coast :  Inst.  Min.  Eng.  [England]  Trans.,  vol.  21,  pp.  537-538.  1903. 
Contains  brief  statement  of  occurrence  of  petroleum  at  Katalla. 
LcFFUTOWEix,  E.  oeK.,  Tbe  Canning  River  region,  nortbem  Alaska:  U.  S.  Geol. 
Survey  Prof.  Paper  109,  pp.  178-179, 1919. 

Description  including  analysis  of  petroleum  residue  from  Cape  Simpson 
near  Smltb  Bay  and  statement  of  reported  occurrences  of  petroleum  near 
the  coast  between  Humphrey  Point  and  AlcbiUlk  River  and  near  Waln- 
wright  Inlet. 
Uaddren,  a.  G.,  Mineral  deposits  of  the  Yakataga  district :  U.  S.  Geol.  Survey 
BtdL  592,  pp.  119-153,  1914. 

Description  of  geography,  geology,  and  petroleum  seepages  of  the  Yaka- 
taga district 
UAirrm,  G.  C,  Petroleum  fields  of  Alaska  and  the  Bering  River  coal  fields: 
IT.  S.  Geol.  Survey  BulL  225,  pp.  305-382,  1904. 

Preliminary  description  (condensed  form  of  Bull.  250)  of  the  geography, 
;nH)logy.  petroleum  seepages,  and  oil  wells  In  the  Katalla,  Cook  Inlet,  and 
Cold  Bay  oil  fields,  based  on  a  geologic  reconnaissance  in  1903.  Includes 
brief  compiled  information  on  the  Yakataga  oil  field. 

Tbe  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account 

of  tbe  Bering  River  coal  deposits:  U.  S.  GeoL  Survey  Bull.  250,  64  pp., 
1905. 

Description  of  the  geography,  geology,  petroleum  seepages,  and  oil  wells 
in  the  Katalla,  Cook  Inlet,  and  Cold  Bay  oil  fields,  based  on  a  geologic 
reconnaissance  in  1903  and  complied  information  concerning  the  Yakataga 
field.  Includes  lithographed  reconnaissance  geologic  maps  and  other  Illus- 
trations. 

Notes  on  the  petroleum  fields  of  Alaska :  U.  S.  Geol.  Survey  BulL  259, 

pp.  128-139,  1905. 

Description  of  the  geology  of  the  Katalla  and  Cold  Bay  oil  fields  and 
accounts  of  drilling  in  the  Katalla,  Cook  Inlet,  and  Cold  Bay  fields,  based 
on  geologic  reconnaissance  in  1904. 

Petroleum  at  Controller  Bay :  U.  S.  Geol.  Sun^ey  Bull.  314,  pp.  89-103, 

1907. 

Preliminary  statement  on  geology  and  petroleum  of  the  Katalla  field, 
based  on  detailed  geologic  surveys  in  1906  and  1906. 
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Mabtin,  O.  Om  Geology  and  mineral  resources  of  the  Ck)ntroller  Bay  region, 
Alaska :  U.  S.  Oeol.  Survey  Bull.  835, 141  pp.,  1906.    70  cents. 

Detailed  description  of  the  geography,  geology,  petroleum  seepages,  and 
oil  wells  in  the  Katalla  field,  based  on  detailed  geologic  surveys  in  1905 
and  1906.  Includes  engraved  topograpKiic  and  geologic  maps  and  other 
illustrations. 

Petroleum;  in  Papers  on  the  conservation  of  mineral  resources :  U.  S. 

Geol.  Survey  Bull  394,  pp.  18&-190,  1909. 

Condensed  statement  of  indications  of  petroleum  in  the  Katalla,  Cook 
Inlet,  Gold  Bay,  and  Yakataga  fields. 

The  Alaskan  mining  industry  in  1917:  U.  S.  Geol.  Survey  Bull.  092, 

p.  27,  1918. 

Brief  statement  of  operations  at  Katalla  in  1917. 

The  Alaskan  mining  industry  in  1918:  U.  S,  GeoL  Survey  Bull.  712, 


pp.  26-27,  1919. 

Brief  statement  of  operations  at  Katalla  in  1918,  of  drilling  near  Cape 
Nome,  and  of  reported  discovery  of  natural  gas  near  Seward. 
Mastin,  G.  C,  and  Katz,  F.  J.,  A  geologic  reconnaissance  of  the  lUamua  region, 
Alaska :  U.  S.  Geol.  Survey  Bull.  485,  pp.  126-130, 1912. 

Description  of  the  geology,  seepages,  and  wells  of  the  Cook  Inlet  oil 
fields,  based  on  geologic  reconnaissance  surveys  in  1903  nnd  1904.  In- 
cludes engraved  topographic  and  geologic  maps,  structure  sections,  and 
other  illustrations. 
McPhehson,  J.  L.,  The  Nation  needs  oil — permit  the  oil  of  Alaska  to  be  used, 
31  pp.,  1918.  (Pamphlet  published  by  the  Alaska  Bureau,  Seattle  Chamber 
of  Commerce.) 

Includes  informati(m  concerning  the  need  of  fuel  on  tlie  Pacific  coast 
and  quotes  descriptions  of  the  oil  fields  at  Katalla,  Yakataga,  Cook  Inlet, 
Cold  Bay,  and  the  Arctic  coast  published  by  G.  C.  Martin  and  by  A.  U. 
Brooks  in  Bulletins  250,  335,  662,  and  666. 
Moaais,  W.  G.,  Report  upon  the  customs  district,  public  service,  and  resources 
of  Alaska  Territory :  45th  Cong.,  3d  seas.,  S.  Ex.  Doc  59,  pp.  103,  1879. 

Brief  statement  concerning  discovery  of  petroleum  on  Alaska  Peninsula 
and  of  reported  occurrence  of  petroleum  **on  Copper  River." 
NoBTHBOP,  J.  D.,  Petroleum :  U.  S.  GeoL  Survey  Mineral  Resources,  1914,  pt  2,  p. 
1053,  1916. 

Brief  statement  of  operations  at  Katalla  in  1914. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1915,  pt.  2,  p.  718, 

1916. 

Statement  concerning  developments  in  Alaska  in  1915  quoted  from  A.  H. 
Brooks   (Bull.  642). 

Petroleum:  U.  S.  Gteol.  Survey  Mineral  Resources,  1916,  pt.  2,  p.  847, 


1918. 

Brief  statement  of  production  and  changes  in  ownership  at  Katalla  in 
1916. 
—    Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1917,  pt  2,  p.  849, 


1919. 

Brief  statement  of  production  at  Katalla  in  1917. 
Olipkant,  F.  H.,  Petroleum,  in  Mineral  Resources  of  the  United  States  for  1897 : 
U,  S.  Geol.  Survey  Nineteenth  Ann.  Rept,  pt.  6  (continued),  p.  110,  1898. 

Brief  description  of  seepages  at  Yakataga,  Katalla,  and  Cook  Inlet,  with 
a  little  information  concerning  geology  and  character  of  oil,  and  statement 
that  claims  have  been  located. 
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OupHANT,  F.  H.,  Petroleum,  in  Mineral  Resources  of  the  United  States  for  1898 : 
U.  S.  GeoL  Survey  Twentieth  Ann.  Rept,  pt  6  (continued),  p.  123,  1898. 
Republication  of  statement  by  F.  H.  Ollphant  for  1897. 

Petroleum,  in  Mineral  Resources  of  the  United  States  for  1899 :  U.  S. 

Qeol.  Survey  Twenty-first  Ann.  Rept.,  pt  6  (continued),  p.  167,  1901. 

Statement  that  a  drilling  outfit  consigned  to  the  oil  fields  of  CkK>k  Inlet  was 
lost  at  see. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  19(K),  p.  587,  1901 

(p.  139  of  separate). 

Brief  statement  that  there  have  been  no  developments  but  that  drilling  is 
intended  In  1901. 

The  production  of  petroleum  in  1901 :  Extract  from  U.  S.  Geol.  Survey 

Mineral  Resources,  1901,  p.  208,  1902  (not  in  bound  volume). 

Brief  account  of  drilling  at  Katalla  and  Cook  Inlet  in  1901. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1902,  pp.  582-584, 

1903  (pp.  207-209  of  separate). 

Description  of  seepages  at  Yakataga  and  Katalla.  Account  of  drilling  at 
Katalla  in  1902  with  log  of  well  and  analysis  of  oil.  Statement  that  indica- 
tions of  petroleum  are  known  on  Ck)ok  Inlet  and  reported  from  a  point  near 
Nulato  and  Cape  Sabine  and  that  a  well  has  been  drilled  on  Cook  Inlet. 

Petroleum:  U.  S.  Geol.  Survey  Mineral  Resources,  1903,  pp.  690-692, 

1904  (pp.  179-181  of  separate). 

Brief  description  of  seepages  at  Yakataga,  Katalla,  Cook  Inlet,  and  Cold 
Bay  and  account  of  drilling  in  1903,  based  on  information  supplied  by  G.  C. 
Martin. 
•    Petroleum:  U.  8.  Geol.  Survey  Mineral  Resources,  1904,  pp.  724-726, 

1905  (pp.  195-197  of  separate). 

Brief  description  of  geology  and  seepages  at  Katalla,  based  on  informa- 
tion supplied  by  G.  C.  Martin,  and  account  of  drilling  at  Katalla  in  1904. 

Petroleum,  In  Special  report  on  mines  and  quarries :  Twelfth  Census  of 


the  United  States,  p.  737. 1905. 

Statement  concerning  se^)ages  at  Yakataga,  Katalla,  and  Cook  Inlet. 
Account  of  drilling  at  Katalla  in  1902,  with  log  of  well. 
Petboff,  Ivan,  Alaska,  its  population,  industries,  and  resources :  Tenth  Census 
of  the  United  States,  vol.  8,  p.  87,  1882. 
Mention  of  the  occurrence  of  petroleum  on  Alaska  Peninsula. 
Pbosseb,  W.  T.,  Opening  Alaska's  oil  fields:  Eng.  and  Min.  Jour.,  vol.  91,  p. 
1908,  1911. 
Account  of  prospective  developments  at  Katalla. 

Katalla,  Alaska,  oil  field :  Mines  and  minerals,  vol.  31,  p.  731,  1911. 

Statement  of  prospective  developments  at  Katalla. 

Katalla,  Alaska,  oil  fields :  Min.  and  Eng.  World,  vol.  35,  p.  746,  fig.  1, 

1911. 

Account  of  developments  at  Katalla.    Statement  concerning  utilization  of 
natural  gas. 
Redwood,  Bovikton,  Petroleum,  2d  ed.,  pp.  93,  178, 198.  214.  London,  1906. 

Contains  mention  of  the  occurrence  of  petroleum  at  Yakataga,  Katalla, 
Cook  Inlet,  and  Cold  Bay ;  an  account  of  drilling  at  Katalla,  Cook  Inlet, 
and  CJold  Bay ;  reference  to  the  occurrence  of  "  oil  matter "  east  of  Cape 
Llsbume,  of  "  desiccated  petroleum  "  near  the  headwaters  of  the  ColviUe, 
and  to  a  reported  occurrence  of  oil  near  Port  Clarence ;  a  brief  statement 
concerning  the  age  of  the  oil-bearing  rocks  at  CJook  Inlet,  Cold  Bay,  Katalla, 
and  Yakataga;  and  data  on  specific  gravity,  fiashlng  point,  color,  and 
fractional  distillation  of  samples  of  oil  from  a  well  at  Katalla  and  from 
seepages  in  the  Katalla  and  Yakataga  districts. 
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Rkdwood,  Bovebton,  Petroleum,  3d  ed.,  pp.  95,  184,  205,  228,  London,  1913. 

Ck>ntaUis  the  same  information  relative  to  Alaska  as  the  second  edition. 
ScHBADEB,  F.  C,  and  Spbnceb,  A.  C,  The  geology  and  mineral  resources  of  a 
portion  of  the  Copper  River  district,  Alaska:  U.  S.  Geol.  Survey  Si)ec. 
Pub.,  p.  92,  1.901. 
Statement  concerning  character  of  samples  of  petroleum  from  Katalla. 
Smith,  P.  S.,  The  Noatak-Kobuk  region,  Alaska :  U.  S,  Geol.  Survey  Bull.  536, 
p.  153,  1918. 

Description  of  supposed  "  boghead  *'  from  a  point  near  the  mouth  of 
Noatak  River. 
Sfubb,  J.  E.,  a  reconnaissance  in  southwestern  Alaska  in  1888 :  U.  S.  Geol.  Sur- 
vey Twentieth  Ann.  Rept.,  pt.  7,  pp.  263-264,  1900. 

Statement  that  oil  is  present  near  Katalla  and  Cape  Yakataga.    Brief 
description  of  the  oil-bearing  rocks,  furnished  by  F.  H.  Shepherd.    List  of 
fossils  from  a  point  near  Cape  Yakataga. 
Stoess,  p.  C,  The  Kayak  coal  and  oil  fields  of  Alaska :  Mln.  and  Sci.  Press,  vol. 
87,  p.  85,  1903. 

Description   of  the  geography,  geology,  and  seepages  at  Katalla  and 
Yakataga.    Account  of  drilling  at  Katalla,  with  log  of  well  and  analyses 
of  oil 
Stoney,  G.  M.,  Naval  exploration  In  Alaska,  p.  89,  Annapolis,  U.  S.  Naval  Inst., 
1910. 
Description  of  possible  petroleum  residue  from  Colville  River. 
Stbetgh,  R.  H.,  Alaska,  our  frontier  wonderland,  pp.  40-41,  1913.     (Pamphlet 
published  by  the  Alaska  Bureau,  Seattle  Chamber  of  Commerce.) 

Brief  statement  concerning  the  occurrence,  production,  and  character  of 
Alaska  petroleum. 
Tabs,  R.  S.,  and  Butleb,  B.  S.,  The  Yokutat  Bay  region,  Alaska:  U.  S.  Geol. 
Survey  Prof.  Paper  64,  pp.  169-170,  1909. 

Statement  concerning  local  oil  excitement  and  discussion  of  improb- 
ability of  occurrence  of  petroleum. 
Thompson,  Abthub,  The  Katalla,  Alaska,  oil  field:  Mln.  and  Sci.  Press,  vol. 
105,  pp.  169-170.  3  figs.,  1912. 

Description  of  seepages  at  Katalla  and  Yakataga.    Account  of  production 
at  Katalla. 
Walcott,  C.  D.,  U.  S.  Geol.  Survey  Twenty-fifth  Ann.  Rept.  pp.  72-75,  1904. 

Brief  statement  by  Director  concerning  geology,  seepages,  and  wells  on 
the  Katalla,  Cook  Inlet,  and  Cold  Bay  fields. 

U.  S.  Geol.  Survey  Twenty-sixth  Ann.  Rept,  p.  63,  1905. 

Brief  statement  by  Director  concerning  geology  and  relation  of  oil  seep- 
ages to  structure  in  the  Katalla  field.    Account  of  drilling  at  Katalla  in 
1904. 
WooLFE,  H.  D.,  The  seventh  or  Arctic  district,  in  report  on  the  population  and 
resources  of  Alaska  at  the  Eleventh  Census,  p.  133,  1893. 

Mention  of  **  an  oil  exudation  resembling  crude  petroleum  "  on  the  banks 
of  a  creek  near  Cape  Beaufort. 
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ECONOMIC  GEOLOGY  OF  THE  SUMMERFIELD  AND 
WOODSFIELD  QUADRANGLES,  OHIO, 

WITH  DESCRIPTIONS  OF  COAL  AND  OTHER  MINERAL  RESOURCES 

EXCEPT  OIL  AND  fiAS. 


By  D.  Dale  Condit. 


INTRODUCTION. 
8C07B  OF  BBPOBT. 

This  report  describes  some  features  of  the  economic  geology  of  the 
Woodsfield  and  Summerfield  quadrangles,  in  southeastern  Ohio. 
Most  of  the  text  consists  of  detailed  information  concerning  the 
mineral  resources  except  petroleum  and  natural  gas,  which  have  been 
described  briefly  in  preliminary  reports.^ 

The  area  covered  comprises  parts  of  four  cotmties,  all  of  which  con- 
tftin  valuable  beds  of  coal,  as  well  as  pools  of  oil  and  gas.  The 
western  part  of  the  area  extends  into  the  Cambridge  coal  field,  and  the 
eastern  half  includes  the  Pittsburgh  coal  bed,  which  is  as  yet  almost 
untouched  by  mining  operations  and  which  extends  continuously 
e^tward  beyond  Ohio  River  into  West  Virginia. 

FIELD  AND  OFFICE  WORK. 

The  field  work  on  which  this  report  is  based  oceupied  a  little  more 
than  four  montiis  during  the  season  of  1914.  The  members  of  the 
party  were  D.  Dale  Condit,  R.  Van  A.  Mills,  Frank  Reeves,  and  for  a 
short  time  C.  A.  Bonine.  Much  of  the  work  consisted  in  obtaining 
data  for  the  preparation  of  a  map  ehowing  the  geologic  structure, 
which  involved  the  instrumental  determination  of  the  elevations  of 
limestone  and  coal  beds  and  of  oil*well  heads  by  means  of  plane  table 
sad  telescopic  alidade.  In  this  work  two  rodmen  were  employed. 
In  addition  to  mapping  the.  geologic  structure  the  members  of  the 
party  mapped  the  outcrops  of  coal  beds,  limestones,  and  other  strata 
sf  prospective  value;  measured  thicknesses  in  coal  mines,  prospects, 
ind  natural  exposures;  collected  samples  of  coals  and  of  oil,  gaa« 
lalt  water,  and  oil  sands;  and  obtained  records  of  himdreds  of  wells 
irilled  for  oil  and  gas  and  for  the  testing  of  coal  beds. 

^  ■  ■■  ■■  I  ..i.-P  .,..|.IW.||1 

*  V.  S.  Qeol.  Surrey  Bull.  621,  pp.  217-231, 233-240, 1016. 
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GEOGRAPHY. 

LOCATION. 

The  Woodsfield  imd  Summerfield  quadrangles  include  parts  of 
Belmont,  Monroe,  Guernsey,  and  Noble  counties,  in  eastern  Ohio. 
The  two  quadrangles  placed  side  by  side  form  a  rectangular  area 
about  17i  by  27  miles,  which  includes  about  462  square  miles. 
The  east  and  west  boundaries  are  meridians  81^  and  81®  30';  the 
south  and  north  boundaries  are  parallels  39®  45'  and  40®.  Each 
quadrangle  includes  one-sixteenth  of  a  "square  degree^'  of  the  earth's 
surface.  The  location  of  this  and  other  areas  in  eastern  Ohio  and 
western  Pennsylvania  covered  by  geologic  reports  is  represented 
in  figure  1 . 

Before  undertaking  geologic  investigations  such  as  are  the  subject 
of  this  report  the  United  States  Geological  Survey  makes  topographic 
maps  showing  surface  features,  such  as  hills,  valleys,  streams,  roads, 
and  houses.  Maps  of  this  kind  have  been  prepared  for  all  of  Ohio. 
The  quadrangles  adjoining  the  Summerfield  and  Woodsfield  are 
named  as  follows:  On  the  north,  Antrim  and  Flushing;  on  the  east, 
Clarington;  on  the  south,  Macksburg  and  New  Matamoras;  on  the 
west,  Cumberland. 

The  boundaries  of  the  quadrangles  have  been  located  exactly 
from  triangulation  and  plane-table  stations  situated  upon  some  of  the 
most  prominent  hilltops  of  the  region,  which  have  been  connected  by 
triangulation  with  astronomical  stations  at  the  Maryland  Heights 
and  Sugarloaf  stations  of  the  Coast  and  Geodetic  Survey,  computed 
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on  the  United  States  standard  datum.  An  account  of  triangulation 
and  primary  traverse  in  Ohio  is  given  in  Bulletin  552  of  the  Survey^ 
tnd  the  results  of  spirit  levelmg  are  given  in  Bulletins  411,  476,  and 
ol8.  These  reports  describe  bench  marks  placed  by  the  Survey  at 
many  localities  and  give  their  exact  elevation  above  sea  level. 
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hscu  L-^lnOmx.  mmp  Bhowing  location  of  8nmmerfleld  and  Woodafleld  quadrangles  (area  indicated  by 
takry  shading)  and  other  areas  in  eastern  Ohio  and  parts  of  Pennsylvania,  West  Virginia,  and  neigh- 
tttring  Slates  for  which  geologic  reports  have  been  prepared.    (See  list  on  p.  6.) 

TOPOaBAFHIO  FBATUBB8. 
DRAINAGE. 

One  of  the  principal  water  partings  of  southeastern  Ohio  extends 
B  &  north-south  direction  across  the  west  side  of  the  Woodsfield 
[Qadrangle.  The  waters  east  of  this  divide  follow  a  fairly  direct 
t^ate  to  Ohio  River.  The  principal  streams  on  the  east  side  are 
tptina  Creek  and  Sunfish  Creek,  both  of  which  follow  meandering 
^ars€s  in  deep,  narrow  valleys  with  narrow  flood  plains  and  little 
lUurial  bottom  land.    The  gradient  is  about  23  feet  to  the  mile  in 
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Hie  main  valleys,  but  increases  toward  the  headwaters.  It  is  evident 
that  the  streams  are  actively  engag^  in  deepening  their  channels, 
tor  the  stream  beds  are  at  many  places  solid  rock.  The  character- 
istics of  the  two  principal  streams  are  imparted  to  dozens  of  small 
tributaries,  which  reach  back  into  the  uplands  in  deeply  notched 
ravines  that  produce  the  rough,  hilly  surface  so  characteristic  of  the 
region. 

West  of  the  divide  the  drainage  is  carried  by  branches  of  Wills 
Creek,  a  tributary  of  Tuscarawas  River.  A  small  area  at  the  south 
side  of  the  Summerfield  quadrangle  is  tributary  to  Duck  Creek  and 
Clear  Fork  of  Little  Muskingum  River.  The  broad  alluvial  valleys 
of  the  Wills  Creek  drainage  system  form  the  most  striking  feature 
in  the  region.  The  sluggish  muddy  streams  flow  in  meandering 
x^ourses  in  swampy  valleys  that  are  in  places  nearly  a  mile  wide — as 
broad  even  as  parts  of  the  valley  of  Ohio  River  to  the  east.  The  fall 
of  the  principal  streams  is  2  to  4  feet  to  the  mile,  and  an  only  slightly 
increased  gradient  prevails  in  the  smaller  tributaries  almost  to  their 
sources.  The  rock  floor  of  the  valleys  is  in  most  places  many  feet 
below  the  surface,  and  the  streams  flow  on  sand  and  clay.  It  is 
evident  that  the  entire  drainage  system  was  formerly  lower,  and  that 
for  some  reason  there  has  been  an  obstruction  to  the  downward 
cutting  and  carrying  away  of  the  valley  material,  resulting  in  a 
partial  filling  of  the  channels.  In  fact,  there  is  evidence  that  the 
silting  up  of  the  valleys  filled  them  to  a  depth  of  100  feet  or  more 
above  the  present  level.  In  Recent  time  the  streams  have  made 
considerable  progress  in  removing  this  material. 

The  cause  of  the  peculiar  aspects  of  the  Tuscarawas  drainage 
system  is  a  physiographic  study  which  can  not  be  undertaken  in  this 
report.  It  is  certain  that  they  may  be  attributed  chiefly  to  events 
during  the  glaciation  of  much  of  Ohio  in  Pleistocene  time.  The  river 
was  dammed  by  the  ice  front  in  the  vicinity  of  the  present  location 
of  Newark,  and  the  ponded  waters  were  forced  to  seek  a  new  outlet 
to  the  south  toward  Zanesville,  along  the  course  of  the  modem 
Muskingum  River. 

RELIEF  AND  LAND  FORMS. 

The  least  elevation  at  the  east  side  of  the  Woodsfield  quadrangle 
is  about  710  feet  above  sea  level,  in  Sunfish  Valley,  and  825  feet  in 
Captina  Valley.  The  valley  of  Seneca  Fork  of  Wills  Creek,  at  the 
west  side  of  the  Summerfield  quadrangle,  is  slightly  less  than  800 
feet  above  the  sea.  West  Fork  of  Duck  Creek,  at  the  south  side  oi 
the  area,  is  about  740  feet  above  the  sea.  The  highest  summits  along 
the  principal  divide  are  about  1,400  feet  in  elevation,  giving  a  relief 
of  about  700  feet  for  the  entire  area.     The  local  relief  along  Sun- 
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&h  and  Captina  creeks,  which  have  the  deepest  valleys,  is  400  to  500 
feet. 

The  principal  divide  extends  southward  from  Bamesville  to  Lewis- 
ville.  The  ridge  dividing  the  waters  of  Captina  and  Sunfish  creeks 
extends  eastward  across  the  north  edge  of  Monroe  County,  and  along 
it  are  the  villages  of  Malaga,  Jerusalem,  and  Beallsville.  The  crest 
of  this  divide,  like  those  of  most  other  divides  in  the  region,  is  com- 
paratively even.  Extending  north  and  south  from  it  are  numerous 
long  parallel  ridges  that  alternate  with  deep  ravines.  The  elevation 
of  all  the  ridges  ranges  from  about  1,200  feet  to  more  than  1,300  feet. 
A  few  isolated  hills  of  unusual  height  near  Miltonsburg  attain  1 ,400 
feet.  All  the  upland  has  an  tmdulating  surface  with  almost  no  level 
areas,  but  the  slopes  into  many  of  the  smaller  valleys  are  gentle. 
The  alternation  of  hard  and  soft  strata  produces  a  terraced  effect 
that  is  evident  on  almost  every  hillside.  Steep  slopes  are  succeeded 
by  slopes  of  gentle  inclination,  suitable  for  cultivation.  An  upland 
landscape  near  Summerfield  is  shown  in  Plate  I. 

The  broad  valleys  west  of  the  principal  divide  are  bounded  by 
fairly  abrupt  slopes  that  terminate  in  narrow  ridges  of  less  altitude 
and  of  more  rugged  contour  than  those  to  the  east.  At  the  west  side 
of  the  Summerfield  quadrangle,  near  Senecaville  and  Lore  City,  the 
slight  relief  is  especially  noticeable,  there  being  few  summits  as  high 
as  1,050  feet  above  the  sea.  The  lower  altitude  may  be  attributed 
to  the  fact  that  less  durable,  more  easily  eroded  rocks  make  up  tfie 
sirfaoe  in  that  part  of  the  area. 

AGHICTTIiTUBAJL  AND  COMSCBBCIAL  CONDITIONS. 

TBAN8PORTATION   FAClLmES. 

Railroads* — ^The  northern  part  of  the  area  is  crossed  by  the  main 
line  of  the  Baltimore  &  Ohio  Railroad.  From  Lore  City  a  branch 
€itends  southwestward  to  Senecaville  and  Cumberland.  These  lines 
u«  of  great  importance  as  coal  carriers  and  will  be  increasingly  so 
as  new  branches  are  built. 

The  Ohio  River  &  Western  Railroad,  a  narrow-gage  line,  crosses 
the  southern  part  of  the  area.  It  runs  from  Zanesville  eastward  to 
Bellaire,  on  Ohio  River.  This  railroad  is  of  chief  value  as  a  carrier 
of  merchandise  and  agricultural  products.  The  route  followed  takes 
little  account  of  either  hill  or  valley,  and  steep  grades  are  so  numerous 
that  the  line  can  never  be  of  great  importance  for  the  handling  of 
heavy  freight. 

New  raUroad  routes. — So  large  a  portion  of  the  Woodsfield  quad- 
rangle is  underlain  by  coal  of  demonstrated  value  that  it  will  in  the 
not  distant  future  be  the  scene  of  a  great  mining  industry.     There  is 
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some  question  as  to  whether  raUroads  can  most  readily  reach  the  area 
by  the  valleys  of  Captina  and  Snnfish  creeks  or  from  the  west  up  cer- 
tain valleys  tributary  to  Leatherwood  Creek  and  Seneca  Fork  of 
Wills  Creek.  The  approach  by  the  latter  route  would  seem  to  be  the 
less  difficult,  there  being  numwous  level  valleys  offering  an  excellent 
grade  up  to  the  divide  at  the  west  edge  of  Belmont  County,  thence 
through  a  short  tunnel  to  tributaries  of  Captina  Creek.  The  crossing 
of  the  divide  could  be  made  at  an  elevation  somewhat  less  than  that 
of  the  railroad  at  Bamesville,  which  is  about  1,235  feet.  Such  a 
route  could  readily  extend  eastward  from  Baileys  Mills  either  up  Dog 
Hollow  or  Cat  Hollow,  or  up  Beaver  Creek  through  Temperanceville. 

The  principal  branches  of  Captina  Creek  are  fairly  straight,  but  the 
main  stream  formed  by  the  union  of  these  branches  near  the  center 
of  the  Woodsfield  quadrangle  follows  a  devious  route  eastward  that 
would  not  favor  the  construction  of  a  railroad  without  numerous 
tunnels,  cuts,  fills,  and  bridges.     The  same  is  true  of  Sunfish  Creek. 

Highways, — The  area  here  considered  lies  a  few  miles  south  of  the 
old  National  Road  from  Wheeling  to  Coliunbus,  which  has  been  for 
many  years  an  important  line  of  travel.  Most  of  the  roads  foUow 
the  principal  ridges  or  valleys,  and  therefore  the  accessibihty  of  many 
points  is  largely  dependent  on  the  direction  of  drainage  lines.  There 
are  only  a  few  miles  of  improved  limestone  pike  in  the  area;  the 
longest  stretch  extends  from  Barnesville  to  Malaga.  Paved  roads 
lead  out  a  mile  or  so  from  Woodsfield  in  several  directions,  and  short 
stretches  of  limestone-surfaced  road  have  been  built  between  Lore 
City  and  Quaker  City,  between  Quaker  City  and  Summerfield,  and 
from  Barnesville  to  Baileys  Mills.  Elsewhere  the  roads  are  as  a 
•rule  unimproved,  and  any  quaUties  they  possess  are  due  to  the  char- 
acter of  the  substrata.  The  roads  that  follow  sandy  ridges  are  fairly 
good  throughout  the  year,  but  the  valley  roads  are  almost  impassable 
during  the  rainy  season. 

MANUFACTURING   AND   MINING. 

Most  of  the  industries  of  the  area  are  more  or  less  related  to  coal 
mining  and  the  production  of  oil  and  gas.  The  prosperous  growth 
of  Woodsfield  is  attributed  largely  to  its  situation  in  the  midst  of  a 
number  of  important  oil  fields.  It  contains  one  manufacturing  estab- 
lishment that  specializes  in  drilling  machinery.  Barnesville  has  a 
glass  factory  that  employs  several  hundred  men,  and  an  establish- 
ment that  makes  coal-mine  cars. 

Two  commercial  coal  mines  are  operated  in  the  Pittsburgh  coal 
bed  at  Baileys  Mills,  near  Barnesville.  The  Upper  Freeport  coal  is 
mined  by  shafting  at  Blacktop,  Senecaville,  and  Waldhonding,  in  the 
western  part  of  the  area.     Sandstone  was  formerly  quarried  at  Woods- 
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field,  but  the  work  has  been  abandoned  and  no  stone  quarries  are 
now  in  operation. 

agricultum:. 

Notwithstanding  the  general  hilly  character  of  the  country,  most 
of  it  is  under  cultivation.  For  a  few  years  after  the  steep  hillsides 
are  cleared  of  timber  they  are  commonly  planted  in  tobacco.  The 
loss  of  the  soil  by  wash,  however,  is  so  great  that  the  fertility  is 
greatly  reduced  in  a  short  time,  and  the  ground  is  then  given  to 
grazing  or  allowed  to  revert  to  brush.  Where  the  underlying  rocks 
consist  largely  of  clay  and  shale  landsUdes  are  common,  and  in  this 
way  the  entire  hillside  farms  are  ruined.  The  region  has  long  been 
prominent  for  its  sheep  and  cattle  raising.  Portions  near  the  mining 
towns  find  good  profit  from  gardening  and  fruit  growing. 

Not  all  the  extensive  bottom  land  along  Seneca  Fork  and  other 
branches  of  Wills  Creek  is  productive  of  good  crops  each  year.  The 
soil  is  excellent,  but  the  drainage  is  poor,  and  floods  are  frequent.  In 
seasons  of  heavy  rainfall  the  ground  becomes  too  wet,  and  in  other 
rears  the  crops,  when  well  advanced,  may  suddenly  be  destroyed  by 
floods,  which  are  of  common  occurrence.  On  the  whole  it  seems 
safe  to  state  that  the  most  successful  farmers  have  lands  on  the  hills. 

OENERAIi  OEOIjOOT. 

STBATIGBAPHY. 

All  the  rocks  in  this  area  are  of  sedimentary  origin  and  exist  as 
iDore  or  less  continuous  beds  laid  down  for  the  most  part  in  or  by 
▼ater.  The  outcropping  strata  consist  of  sandstone,  shale,  clay, 
limestone,  and  coal,  and  have  a  total  thickness  between  1,100  and 
1,200  feet.  They  are  of  Pennsylvanian  (''Coal  Measures^')  and 
Permian  age  and  indude  in  ascending  order  the  Conemaugh,  Monong- 
ahela,  and  Washington  formations  as  classified  by  geologists.  The 
dip  of  the  beds  is  in  general  southeastward;  therefore  higher  and 
higher  strata  are  crossed  when  one  travels  in  that  direction.  In  the 
ralley  flood  plains  and  on  terraces  are  unconsoUdated  alluvium  of 
Quaternary  age. 

GENERAL   SECTION. 

The  stratigraphy  of  eastern  Ohio  has  been  described  in  previous 
reports '  and  only  a  brief  outline  is  needed  here.  The  several  forma- 
tions represented,  with  their  approximate  thicknesses,  are  listed 
below.     The  classification  given  for  the  Mississippian  rocks  is  the 

s  Bownocker,  J.  A.,  Oil  and  gas:  Ohio  Oeol.  Survey  Bull.  1,  4th  ser.,  325  pp.,  1903.    Orton,  Edvard, 
The  stratigraphioal  order  of  the  Lower  Coal  Ifeamres  of  Ohio:  Ohio  Oeol.  Surrey,  2d  ser.,  vol.  6,  pp.  1-300 
W-t068y  18M.    Oriswold,  W.  T.,  and  Mann,  M.  J.,  OeolosY  of  oil  and  gas  flelda  In  SteubenviUe,  Burgetta- 
'jymn,  and  ClayBTille  quadra]igles»  Ohio,  W.  Va.,  and  Pa.:  U.  8.  Geol.  Survey  Bull.  318,  IM  pp.,  13  pis. 
1907. 
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one  introduced  by  the  late  Professor  Prosser,*  of  the  Geological  Sur- 
vey of  Ohio,  for  these  beds  where  they  crop  out  in  the  central  part  of 
the  State,  and  the  one  adopted  by  the  United  States  Geological 
Survey.  Recent  detailed  work  done  by  Jesse  E.  Hyde  *  has,  how* 
ever,  led  to  the  proposal  of  a  slightly  different  classification. 

Otneral  tection  qf/omuUiona  in  eastern  Ohio. 

Permian  series:  ^  F^t. 

Washington  formation  ('* Upper  Barren ") 400±. 

Pennsylvanian  series  (''Coal  Measures"): 

Monongahela  formation  ("Upper  Productive ") 255-275 

Conemaugh  formation  ("Lower  Barren '*) 460-475 

Allegheny  formation  (" Ix)wer  Productive *') 250-265 

PottBville  formation 155-170  < 

Unconformity. 
Mississippian  series: 

Maxville  limestone  (Big  lime) 0-1 10 

Unconformity. 

Logan  formation  (includes  Keener  sand) 

Black  Hand  formation  (includes  Big  Injun  sand) 

Cuyahoga  shale 

Sunbury  shale 

Berea  sandstone 

Bedford  shale  [Devonian  or  Mississippian  *] 

The  Mississippian  formations  constitute  the  great  oil-bearing  rocks- 
of  southeastern  Ohio  and  include  the  Berea,  Big  Injun,  Keener,  and  ' 
Big  lime  sands,  all  of  which  are  productive  in  the  Woodsfield  quad-  • 
rangle.  In  outcrops  some  80  miles  to  the  west  and  northwest  the*- 
same  beds  are  quarried  for  building  stone.  Below  the  Berea  is  a  ^ 
great  thickness  of  shale,  the  bottom  of  which  has  never  been  pene--  ^ 
trated  by  the  drill  within  the  Woodsfield  or  Summerfield  quadrangles.  i 
The  Clinton  sand,  which  yields  much  oil  and  gas  in  central  and  ^ 
northeastern  Ohio,  if  present  in  this  region  lies  more  than  4,000  feet-  ■■ 
below  the  Berea  sand.  i 

The  Maxville  limestone,  known  among  oil  drillers  as  the  Big  lime,  ^ 
varies  considerably  in  thickness  and  is  apparently  missing  in  some 
parts  of  the  Woodsfield  quadrangle  and  much  of  the  Summerfield 
quadrangle.  This  is  to  be  expected,  for  the  limestone  is  variable  , 
where  seen  in  outcrop.  It  is  overlain  unconformably  by  sandstone,  « 
which  forms  an  undulating  contact  and  locally  extends  across  the  i 
limestone,  entirely  replacing  it.  t 

The  Pennsylvanian  rocks  or  "Coal  Measures"  are  made  up  largely  \ 
of  shale,  clay,  and  sandstone,  with  numerous  beds  of  coal  and  lime- 


•  Prosser,  C.  S.,  Revised  nomenclature  of  the  Ohio  geological  formations:  Ohio  Ceo!.  Survey  Bull.  7,  . 
4th  ser.,  36  pp.,  1905.  i 

•  Hyde,  J.  E.,  Stratigraphy  of  the  Waverly  formation  of  central  and  southern  Ohio:  Jour.  G^olcgj,  L 
vol.  23,  pp.  ft55-682,  757-779,  1915.  p 

•  The  Bedford  shale  is  now  regarded  by  some  geologists  and  paleontologists  as  of  Devonian  age.    It  if  at  :; 
present  classified  by  the  United  States  Geological  Survey  as  Devonian  or  Carboniferous.  V 
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tone.    Most  of  the  sandstones  are  oil  bearing  at  one  place  or  another. 
.'he  Pottsville  and  Allegheny*  formations  are  below  the  surface- 
hroughout  the  quadrangles.    The  Allegheny  is  the  great  coal-bearing- 
onnation  in  the  northern  Appalachain  coal  basin.     In  Ohio,  though 
dy  a  little  more  than  250  feet  thick,  it  includes  a  number  of  coal 
ind  clay  beds  of  great  economic  importance.    The  Upper  Freeport 
t)al,  which  constitutes  the  uppermost  member  of  the  Allegheny 
onnation,  lies  in  the  floor  of  Leatherwood  Valley  3  miles  west  of~ 
Lore  City  and  is  mined  at  Blacktop,  Klondyke,  and  other  j>oint8  ta 
k  south  and  southeast.    Exposures  a  few  miles  to  the  northwest, 
ivyond  the  limits  of  the  area  here  considered,  show  the  Lower  Free- 
}ort  coal,  a  bed  about  1^  feet  thick  lying  about  40  feet  below  the  Up- 
m  Freeport.     This  and  other  strata  are  recorded  in  wells  drilled 
W  oil. 

The  Conemaugh  formation  was  appropriately  called  the  ''Lower 
Barren  Measures"  by  early  geologists  of  the  Pennsylvania  Survey, 
(or  its  few  coal  beds  are  of  Uttle  economic  importance,  and  the  forma- 
tion is  for  the  most  part  made  up  of  shale  and  irregular  sandstone 
bses  interlayered  with  clay,  which  is  commonly  reddish  brown. 
%e  formation  includes  also  a  few  persistent  beds  of  limestone,  several 
of  which  contain  marine  fossils.  The  strata  included  in  the  Cone- 
maugh formation  lie  between  the  top  of  the  Upper  Freeport  coal  and 
the  base  of  the  Pittsbui^h  coal,  and  their  thickness  is  about  450  feet. 

The  Monongahela  formation  contains  nearly,  if  not  quite,  as  much 
c»&l  as  the  Allegheny.  It  includes  the  Pittsburgh,  Meigs  Creek, 
Vniontown,  and  Waynesburg  coal  beds,  all  of  which  are  minable 
Y'thin  this  area.  The  coals  are  interbedded  with  sandy  shale,  clay, 
icmerous  layers  of  limestone,  and  a  few  nonpersistent  sandstones. 

The  Washington  formation  of  the  Permian  series  lacks  valuable 
^s  of  coal  and  is  characterized  by  nonpersistent  sandstone  members, 
^.th  shale  and  clay,  comimonly  of  reddish-brown  color.  The  few  coal 
fh  and  thin  limestones  of  the  formation  are  found  near  the  base. 

ROCKS   AT  THE   SURFACE. 

rocks  at  the  surface  are  described  briefly  below  in  ascending 

ler.    Their  general  sequence  is  illustrated  by  the  section  (flg.  2) , 

ifh  represents  all  but  the  uppermost  200  feet  of  strata  within  the 

ti-    In  another  part  of  this  report  is  given  a  detailed  account  of 

local  stratigraphy  in  each  township. 

CONEMAtXOH  FORKATIOIT. 

^^e  Mahoning  sandstone,  the  basal  member  of  the  Conemaugh 
ition,  rests  directly  on  the  Upper  Freeport  coal  or  is  separated 
it  by  a  few  feet  of  black  shale.     The  sandstone  is  well  known 

>ag  oil  men  on  account  of  its  yield  of  oil  at  Lore  City  and  other 
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places  to  the  south.     It  may  bt 

Men  in  outcrop  along  Leatherwood 
Valley,  1  mile  west  of  Blacktop. 
The  position  and  character  of  th( 
J  members  of  the  Conemaugh  forma- 

*■  tion  are  shown  in  the  generalizec 

section  (fig.  2).  Some  of  the 
more  persistent  beds  have  beer 
named.  The  fossiliferous  Cam- 
bridge and  Ames  limestones  an 
especially  noteworthy  and  serre  as 
excellent  key  rocks  to  the  geolt^st 
The  IjOwct  Pittsbui:^  member 
near  the  top  of  the  formation,  i: 
also  noteworthy  for  its  peraiatenc« 
NeitJier  these  nor  higher  strata  ii 
the  region  contain  marine  fossils 
The  principal  limestone  strata  an 
described  below. 

Tlie  Cambridge  limestone  crop 
out  along  valleys  in  the  vicinit; 
of  SenecBville  and  Lore  City.  It 
position  is  about  175  feet  above  th 
Upper  Freeport  coal.  It  is  a  dark 
gray  smooth-textured  foasiliferoi] 
bed  easily  distinguished  from  tt 
other  limestones.  In  numeroi 
places  it  does  not  appear  as  a  coi 
tinuous  layer  but  rather  as  nodul< 
embedded  in  clay,  and  in  siM 
places   the   outcrop   is  not    eaaf 


!  1 


discovered. 


The  Ames  limestone  crops  out  j 
the  northwestern  part  of  the  Sm| 
merfiflld  quadrangle.  It  is  abd 
108  feet  above  the  Cambridge  Hii 
stone  and  160  to  190  feet  bel^ 
the  Pittsburgh  coal.  It  haaJ 
granular  texture,  is  highly  fossil 
erous,  and  assumes  a  greenish-^ 
to  rusty-brown  surface  on  west 'j 
ing.  The  freshly  broken  rocw 
greenish  and  shows  cleavage  fa) 
covered  with  calcite,  and  it  d 
tains  cross  sectionsof  crinoid  stej 
which  produce  thegranulartexti; 
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Aom  15  to  20  feet  above  the  Ames  and  a  like  distance  below  it 
are  somewhat  similar  but  less  persistent  limestone  beds,  and  care 
is  required  not  to  confuse  these  with  the  Ames. 

About  25  feet  below  the  Pittsburgh  coal  is  a  conspicuous  limestone 
member  to  which  the  name  '*  Summerfield  ^'  was  applied  by  the  writer 
in  1912,*  but  which,  being  regarded  as  the  same  as  the  Lower  Pitts- 
buiigh  limestone  member  of  the  Conemaugh  in  Pennsylvania,  is  here 
designated  by  the  older  name  Lower  Pittsburgh.  This  rock  has  a 
characteristic  roughened,  lumpy  surface  that  serves  to  differentiate  it 
from  other  beds.    (See  PL  II.) 

The  Conemaugh  formation  is  everywhere  characterized  by  the 
reddish-brown  color  of  certain  clay  and  shale  beds  in  it.  This  color 
is  particularly  prevalent  in  the  strata  lying  a  little  below  and  above 
the  Ames  limestone,  but  it  is  not  uncommonly  found  in  beds  locally 
extending  upward  almost  to  the  position  of  the  Lower  Pittsburgh 
limestone. 

XOHOiraAHBLA  FOBVATXCN. 

The  Monongahela  formation  includes  limestone,  shale,  sandstone, 
day,  and  coal,  aggregating  260  to  280  feet  in  thickness.  Its  lower 
limit  is  formed  by  the  base  of  the  Pittsburgh  coal,  and  its  upper 
hmit  by  the  top  of  the  Waynesburg  coal. 

The  Pittsburgh  coal  crops  out  along  the  valleys  west  and  south- 
west of  BamesviUe  and  also  at  Temperanceville.  Farther  east  in  this 
«rea  it  is  100  feet  or  more  below  the  surface.  It  is  recorded  in  nearly 
^  oil  wells  and  has  also  been  tested  by  core  drilling  and  is  known  to  be 
present  in  workable  thickness  in  the  greater  part  of  the  area.  The 
dief  exception  is  the  southwest  comer,  the  limit  of  the  workable 
coal  being,  roughly,  a  line  drawn  from  Temperanceville  to  MOtons- 
kuilg  and  thence  to  Lewisville,  or  possibly  to  Woodsfield.  The  rocks 
at  the  Pittsbtirgh  horizon  are  exposed  along  the  valleys  of  Seneca  and 
Paynes  forks  south  of  Temperanceville,  but  the  coal  is  too  thin  to  be 
of  value. 

The  Pittsburgh  coal  is  correctly  identified  by  oil  men  in  drilUng 
operations  throughout  the  region,  and  its  position  with  reference  to 
lugher  strata  is  so  well  established  by  dozens  of  hillside  measure- 
ments and  by  core-drill  and  oil-well  records  that  it  is  chosen  as  the 
most  convenient  key  bed  for  mapping  the  structure  of  quadrangles 
in  this  part  of  Ohio. 

The  Meigs  Creek  (Mapletown)  coal  lies  90  to  120  feet  above  the 
Pittsburgh  bed.  The  larger  interval  is  unusual  and  was  foimd  only  in 
the  region  west  of  BamesviUe.  Another  coal,  the  Lower  Meigs  Creek, 
is  found  in  numerous  places  in  the  quadrangle  18  to  35  feet  below  the 

'CoQdit,  D.  D.,  Cooemaagh  farmatian  In  Ohio:  Ohio  Geol.  Surrey  BuU.  17,  489er.,  p.  23, 1012. 
97812—23 2 
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Meigs  Creek  proper.  The  two  coals  are  commonly  separated  by  mas- 
sive sandstone.  Typical  exposures  of  the  lower  coal  may  be  seen 
along  Seneca  Fork  of  WiUs  Creek,  where  it  is  mined  for  local  use* 
It  is  underlain  by  a  few  feet  of  limestone  known  as  the  Fishpot. 
The  Meigs  Creek  coal  lies  near  the  valley  floor  of  Captina  Greek  f<v 
miles  eastward  from  Barnes ville,  and  at  the  east  edge  of  the  area  it  is 
a  few  feet  below  the  bed  of  the  creek.  In  Adams  Township  the  aame 
coal  is  a  few  feet  beneath  the  valley  floor  of  Sunfish  Creek  and  no 
outcrops  were  discovered. 

Over  the  Meigs  Creek  coal  is  the  Benwood  Umestone,  which  conr 
sists  of  numerous  layers  having  a  combined  thickness  of  about  70 
feet.  Here  and  there  the  limestone  is  in  part  replaced  by  ahale  or  by 
sandstone  in  the  basal  portion.  In  the  vicinity  of  Summerfidd  and  at 
other  places  to  the  south  a  conspicuous  bed  of  olive-green  clay  ap- 
pears about  16  feet  above  the  Meigs  Creek  coal.  At  the  same  por- 
tion in  outcrops  on  Captina  Creek  is  a  calcareous  clay  which  preaentB  a 
peculiar  checkered  surface  made  up  of  angular  blocks,  well  illus- 
trated in  Plate  III,  B.  » 

From  100  to  120  feet  above  the  Meigs  Creek  coal  is  the  Uniontown 
coal,  which  is  useful  as  a  structural  key  bed  on  account  of  its  ex- 
tensive outcrop.  Its  value  for  this  purpose  is  somewhat  lessened, 
however,  because  the  coal  is  in  places  divided  into  two  beds  separated 
by  about  10  feet  of  shale.  The  Uniontown  coal  is  mined  on  Sunfish 
Oeek  east  of  Woodsfield  and  also  on  Jakes  Run  and  Bend  Fork, 
tributaries  of  Captina  Creek.     (See  PI.  IV,  A.) 

Over  the  Uniontown  coal  is  a  sandstone  member  kno¥m  as  the 
Gilboy  among  geologists  of  the  West  Virginia  Survey.  It. is  promi- 
nently developed  west  of  Malaga  and  Miltonsburg,  where  it  has  been 
quarried. 

The  Waynesburg  coal,  like  the  Uniontown,  varies  greatly  in  thick- 
ness from  place  to  place  and  is  of  no  value  along  much  of  its  outcrop. 
It  also  is  accompanied  by  another  coal  bed  10  feet  or  so  lower. 

WASHmOTOV  FOKKATIGV. 

The  principal  members  of  the  Washington  formation  are,  in  ascend- 
ng  order,  the  Waynesburg  sandstone,  the  Waynesburg  "A"  coal,  a 
sandstone  that  occurs  at  the  horizon  of  the  Mannington  sandstone  of 
the  West  Virginia  Survey,  and  the  Washington  coal.  The  sandstone 
correlated  with  the  Mannington  of  the  West  Virginia  Survey  is  promi- 
nently developed  along  certain  ridges  southeast  of  BamesviUe  and 
also  eastward  from  Woodsfield  for  several  miles.  (See  PL  XI,  B.) 
The  Washington  coal  is  persistent  throughout  the  area  and  has  a 
thickness  of  1  to  2  feet.  It  is  locally  accompanied  by  other  coal 
beds,  one  10  feet  higher  and  another  26  feet  higher.  The  Washington 
coal  is  about  350  feet  above  the  Pittsburgh  in  Goshen  Township,  in 
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.  PROSPtXIT  IN   UNIONTOWN   COAL  BEU  NEAR  HUNTER. 
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the  northeast  corner  of  Woodsfield  quadrangle.  Toward  the  south 
the  interval  between  the  two  coals  gradually  increases  to  about  400 
feet  at  the  Belmont-Monroe  county  line  and  to  420  feet  at  the  south 
edge  of  the  quadrangle. 

About  40  feet  above  the  Washington  coal  is  a  bed  of  limestone  1  to 
3  feet  thick  which  was  used  as  a  guide  in  mapping  in  Belmont  County* 
To  the  south,  in  Monroe  County, 
this  limestone  is  lacking,  and  in 
its  place  is  greenish-gray  brittle 
granular  clay- 
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The  unconsolidated  alluvial 
material  in  tha  valleys  constitutes 
the  youngest  bedded  deposit  in 
the  r^on .  1 1  makes  up  the  flood 
plains  of  large  and  small  streams 
wd  extends  well  up  to  their 
heads.  The  material  is  being 
constantly  cut  out  and  redeposited 
by  variations  in  the  currents  at 
each  period  of  high  water. 

Some  of  the  deposits  within  the 
area  may  be  considered  of  Pleisto- 
cene age,  although  the  region  is 
far  removed  from  the  glacial 
boundary.  Many  of  the  branches 
of  Wills  Creek  valley  are  partly 
boned  under  a  considerable  thick- 
oess  of  sandy  material  which  fills 
the  rock  channel  to  a  depth  of 
50  feet  or  more.  Traces  of  simi- 
lar material  are  found  on  terraces 
and  gentle  slopes  bordering  the 
^alleys  to  a  height  of  more  than 
100  feet  above  the  present  valley 

3oor.        Along     Seneca     Fork    in  figure  3.-0eneraII*ed  secUon  of  beds  below  the 
W'avne     Township,     a    few    miles    «^*ce  in  the  Summerfleld  and  Woodsfield  quad- 
^t         ,        M    at  .11  1     rangles,  with  names  applied  by  oil  men. 

MNitheast   of   oenecavilie,  gravel 

vas  found  at  an  elevation  of  about  980  feet,  or  160  feet  above  the 
^ley  floor.  In  the  interval  of  160  feet  between  this  gravel  and 
the  valley  are  sandy  silts  in  stratified  layers  lying  on  the  hillsides 
wid  effectually  mantling  the  bedrock  nearly  everywhere. 
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Along  the  eastward-flowing  streams  directly  tributary  to  the  Ohio 
in  the  Woodsfield  quadrangle  are  rock  benches  that  lie  at  various  ele- 
vations, from  a  few  feet  to  a  hundred  feet  or  more  above  the  valleys, 
and  are  covered  by  more  or  less  gravelly  material.  Each  bench  iff 
the  remnant  of  a  former  valley  floor  which  has  been  almost  destroyed 
in  the  deepening  to  the  modem  valley. 

BOCKS  NOT  EXPOSED  IN  THE  ABEA. 

Below  the  surface  of  this  area  there  are  about  2,000  feet  of  rocks 
that  are  fairly  well  known  through  evidence  furnished  by  the  drill. 
The  Berea  sand,  the  chief  objective  in  the  search  for  oil,  lies  1,550  to 
1,660  feet  below  the  Pittsburgh  coal,  and  a  few  test  boles  have  been 
drilled  several  hundred  feet  into  the  thick  black-stxale  formation 
beneath  the  Berea.  The  general  succession  of  strata  below  the  Upper 
Freeport  coal,  with  names  as  applied  by  oil  men,  is  shown  in  figure  3. 
The  records  of  two  wells  drilled  for  oil  are  given  below  to  illustrate  the 
character  of  the  strata  below  the  surface. 

Log  of  well  No.  126  (No.  2  on  Silas  McLougMinfarm),  sec.  19,  Seneca  Township,  Noble 

County. 
[Oil  weU.] 
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Log  of  well  No.  S7S  (No.  1  on  Martha  Mobley  farm),  sec.  SI,  Adams  Township,  Monroe 

County. 
[Oas  weU.] 
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STBTTCTTTBB. 
DEnNtTION  or  STEUCTURE. 

The  rocks  throughout  most  of  eastern  Ohio  as  viewed  in  outcrop 
appear  to  lie  level  or  so  nearly  level  that  the  inclination  is  no^  notice- 
ible  to  the  eye.  Anyone  who  has  been  in  a  coal  mine,  however, 
fill  remember  that  the  floor  is  generally  far  from  level  and  slopeis 
op  and  down  with  considerable  irregularity. 

When  by  means  of  instrumental  leveling  numerous  observations 
ire  obtained  along  the  outcrop  of  a  coal  or  limestone  bed  and  its 
iay"  or  attitude  is  thus  determined,  it  will  be  found  to  slope  in 
Ttfious  directions  and  at  an  ever-varying  rate  from  place  to  place. 
The  term  "structure"  is  used  by  the  geologist  to  designate  such 
changed  positions  of  rock  beds  from  the  nearly  horizontal  one  in 
which  they  Were  originally  deposited. 

APPALACHIAN  THOUGH. 

The  rocks  of  southeastern  Ohio  form  the  west  side  of  the  Appala- 
chian trough,  a  great  shallow  structural  basin  lying  between  the 
Allegheny  Mountain  front  and  the  Cincinnati  arch.  The  general 
direction  of  dip  is  southeastward  at  a  gentle  rate,  averaging  about  20 
feet  to  the  mile.  The  bottom  or  axis  of  this  trough  is  a  little  east  of 
Ohio  River,  and  east  of  it  the  rocks  rise  across  West  Virginia.  The 
slopes  of  this  basin  are  far  from  uniform  and  are  traversed  by  nu- 
merous minor  wrinkles  that  form  anticlines  and  synclines.  These 
lie  very  insignificant  when  the  basin  is  considered  as  a  whole  but  are 
of  great  economic  importance  because  of  their  influence  on  the  accu- 
malation  of  petroleum  and  natural  gas. 

FIELD  METHODS  IN   STRUCTURAL  STUDY. 

Various  methods  are  employed  by  geologists  in  the  study  and  map- 
ping of  geologic  structure.  An  instrument  commonly  used  but  not 
soited  to  the  most  refined  work  is  the  aneroid  barometer.  This  is 
serviceable  where  extreme  accuracy  is  not  required,  especially  if  the 
region  has  a  well-distributed  set  of  bench  marks  showing  the  elevation 
above  sea  level  at  numerous  points.  Where  greater  accuracy  .is.  desired, 
surveying  instruments  for  leveling  and  stadia  traverse  are  recom- 
mended. In  carrying  on  the  work  in  the  Summerfield  and  Woods- 
field  quadrangles  the  Oale  alidade  was  the  principal  instrument  used. 

The  area  is  favored  with  a  number  of  persistent,  easily  recognized 
limestone  and  coal  beds  which  serve  as  excellent  key  strata  for. the 
determination  of  structure.  Elevations  at  about  2,000  points  along 
the  outcrops  of  the  strata  were  obtained,  and  hundreds  of  measure- 
ments of  the  intervals  between  the  beds  were  made  in  .ravine .  and 
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roadside  exposures.  These  data  were  supplemented  by  others 
obtained  from  records  of  oil  wells  and  coal  test  holes,  and  thus  the 
intervals  between  the  key  strata  throughout  the  area  were  accurately 
determined.  With  elevations  on  the  key  strata  in  every  square  mile 
of  the  area  and  information  as  to  the  relation  of  these  beds  to  one 
another  it  was  easy  to  reduce  the.  observations  to  one  datum  by 
addition  or  subtraction  of  the  appropriate  interval.  The  Pittsburgh 
coal  forms  the  most  convenient  datum,  and  is  generally  used  in  struc- 
tural mapping  wherever  it  is  present  in  southeastern  Ohio  and  ad- 
jacent parts  of  Pennsylvania  and  West  Virginia. 

The  variations  in  interval  between  some  of  the  important  key 
strata  and  in  their  positions  with  reference  to  the  Pittsburgh  coal  are 
tabulated  below. 

Intervals  between  principal  strata, 

PIttflbwgli  and  WuMnftoa  coal  beds. 

Feet,  f 

Hunter,  Cioehen  Township 355 

Somerton 378 

Malaf^ 393 

Beallsvillo 398 


Lewi8\'ille  ^ 

Woodfifield 

Junction  of  Finey  Fork  and  Sun- 
fiflh  Creek 


Feet. 
386 
415 

416 


Plttflbnrfli  and  WaTneabnrg  coal  b«d«. 

Feet. 


Temperance\'ille 265 

Somerton 277 

Newcastle 268 


Feet. 


Hunter 263 

Summerfield 273 


PlttalNWgli  and  Unleiitown  coal  bMs. 

Feet.  !  Feet. 

BarnesAille 206  j  Malaga 220 

Temperanceville 215  '  Junction  of  Piney  Fork  and  Sun- 
Hunter 205         fishCreek 230 


Hunter 

Barnesville 

County  line  west  of  Barne8\'ille. . .      120 

Temperanceville Ill 

Mala^ 87 

Wayne  Township,  Belmont  County, 
east  side 105 


Plttabnrgh  and  Meigs  Crook  coal  boda. 

Feet. 

87 

108 


Calais 

Mount  Ephraim 

Sarah8\'ille 

Summerfield 

Junction  of  Piney  Fork  and  Sun- 
fish  Creek 

Bealls\dlle 


Feet. 
118 
116 
116 
117 

98 
98 


Upper  PIttiiiarffh  and  Lower  Plttabarfii  Umeatoiioa. 

Feet. 


Quaker  City 

Temperance\ille . 


23 
22 


Sununerfield. 


Feet. 
24 


'  There  is  «ome  doubt  as  to  the  accmicy  of  this  flwire  becauae  the  tdgntity  of  th<i  etml  at  LmH«H%  p^  ^^ 
Pittsburgh  is  not  certainly  established.  It  may  possibly  be  the  Pomeroy,  a  rider  coal  25  to  36  fe«C  aboTt 
the  Pittsburgh. 
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PIttibwgh  eMi  And  Amm  llmMtmi* 


Feet. 

CbKviUe 175 

Gibioo  station 190 

Salir.UIe 186 

<)uakerCitv 188 


Feet. 
Kennonsburg 190 

Riches  School,   3  miles  north   of 

Sarahsville 159 

Sarahffville 192 


Lmmmr  Plttabvrgh  UnMtoae  and  L^wer  Mdgs  Creek  coel. 

Feet. 
One  mile  west  of  Calais 110 

One    mile    southeast    of    Mount 
Ephraim  station 124 


Feet. 
Vihsville 115 

I'ne mile  south  of  Kennonsburg..      120 
Uq  miles  southwest  of  Bateeville .      117 


Anee  and  Cambridge  llaestonea. 

Feet. 


Blacktop 109 

Wildhonding  mine 108 


Feet. 


Seneca^•ille IO7 


Biicktop. 


Ilmeeteae  and  Upper  Freeport  coal. 

Feet.   ; 
275     Senecaville 


Feet. 
265 


It  is  evident  from  the  above  data  that  there  is  considerable  varia- 
tion in  the  interval  between  beds  from  place  to  place.  This  is  true 
of  limestone  beds  as  well  as  of  coal. 


DELINEATION   OF   8TRUC7TURE. 

After  the  elevations  on  key  strata  have  been  reduced  to  the  Pitts- 
bui^gh  coal  datum,  the  contour  map  (see  PI.  XII,  in  pocket)  is  drawn 
to  illustrate   the  structure  of 
tiat  bed.    The  method  is  illus-    Issr    7] 
trated  in  figure  4,  which  shows 
Orations  above  sea  level  at  a 
Domber  of  points  of  outcrop. 
The  contour  lines  are  drawn  at 
vertical  intervals    of    10    feet 
through  points  of  equal  eleva- 
tion in  the  manner  illustrated 
in  the  diagram. 

The  accuracy  of  structure 
contours  in  expressing  the 
lay"  of  a  coal  bed  depends  on 
several  factors.  The  elevations  must  be  taken  at  points  not  too 
^dely  spaced,  else  they  will  fail  to  disclose  numerous  minor  flexures. 
Here  or  less  error  is  inevitable  in  the  reduction  of  elevations  of 
different  key  strata  to  terms  of  the  bed  which  is  being  used  as  a 
datum,  because  the  interval  between  beds  varies  from  place  to  place 
owing  to  the  irregularities  of  the  surface  on  which  each  bed  was 
deposited. 


FiGXTBX  4.— Diagram  inastratlng  method  of  drawing 
stnieture  oontoun. 
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USES   OF  8TKUCTUBE  CONTOUR   MAP. 

The  structure  contour  map  is  an  important  aid  to  prospecting  for 
petroleum  and  natural  gas,  and  its  value  is  generally  recognized  by 
oil  men.*  Aside  from  this  use,  such  a  map  is  of  service  to  the  coal 
miner  in  selecting  favorable  locations  for  mine  shafts  and  drift  mine 
openings.  At  one  locality  in  the  Woodsfield  quadrangle  the  Pitts- 
burgh coal  dips  eastward  as  much  as  80  feet  in  1  mile,  and  at  another 
locality  it  dips  at  a  similar  rate  toward  the  southwest.  In  the  selec- 
tion of  a  location  for  sinking  of  a  shaft  to  be  used  for  hoisting  coal 
the  operator  may  wish  to  place  it  near  the  lowest  point  on  the  coal 
bed  on  the  property.  He  will  be  able  to  make  an  intelligent  choice 
by  consulting  the  structure  contour  map.  The  same  use  is  appli- 
cable in  opening  drift  mines.  The  farmers  have  learned  from  expe- 
rience to  open  mines  on  the  south  or  southeast  side  of  the  hiU  in  order 
that  the  water  may  drain  readily.  This  rule  is  usually  a  safe  one  on 
account  of  the  general  southeasterly  dip,  but  there  are  numerous 
local  exceptions  that  only  structural  mapping  will  bring  out. 

Of  course,  the  contours  on  the  base  of  the  Pittsburgh  coal  can 
readily  be  used  to  determine  its  depth  below  the  surface  at  any  point. 
For  instance,  the  bed  is  shown  to  be  640  feet  above  sea  level  at  the 
mouth  of  Piney  Fork,  5^  miles  east  of  Woodsfield.  The  surface  of  the 
valley  at  that  point  is  about  775  feet  above  sea  level,  and  therefore 
by  subtraction  the  depth  of  the  bed  is  shown  to  be  135  feet  below 
the  surface.  In  like  manner  the  map  may  be  used  in  calculating  the 
depth  below  the  surface  of  other  coal  beds  whose  positions  with  ref- 
erence to  the  Pittsburgh  coal  are  known. 

SALIENT   8TRUCTUBAL  FEATURES. 

The  general  southeastward  dip  of  the  strata  is  evident  from  an 
inspection  of  the  map  (PL  XII).  At  the  southeast  comer  of  the 
Woodsfield  quadrangle  the  position  of  the  Pittsburgh  coal  is  about 
600  feet  above  sea  level.  The  northwest  rise  brings  it  to  an  elevation 
of  1,000  feet  at  Bamesville,  1,080  feet  at  Quaker  City,  and  1,200  feet 
at  the  northwest  comer  of  the  Summerfield  quadrangle.  The  ele- 
vation last  named  is  the  position  at  which  the  coal  would  lie  in  case 
the  hills  west  of  Lore  City  were  high  enough  to  contain  it. 

The  term  '*  strike/'  as  used  in  the  geologic  sense,  means  the  direction 
of  a  line  drawn  along  the  outcrop  of  any  rock  stratum  at  a  right 
angle  to  the  dip.  Therefore,  each  contour  on  the  structural  map 
shows  not  only  the  elevation  of  the  coal,  but  also  its  strike.  The 
numerous  local  variations  from  the  general  northeasterly  direction 
follbwod  by  the  contours  represent  minor  folds  or  cross  flexures  that 

I 
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pre  Structural  forms  of  various  shapes  for  which  the  appropriate. 
terms  are  '* terrace,"  ''nose''  or  ''promontory/'  "embaynxenf  or 

trough,"   "syncUnal  basin,"    and   "anticlinal  fold."     True   anti-- 
clinal  folds  or  arches  in  the  strict  sense  of  the  term  are  few  in  this, 
area,  and  there  are  only  two  such  folds  of  any  prominence — one  near 
Bamesville,  which  contains  the  "Bamesville  oil  and  gas  pool,  and  the 
other  at  Chaseville^  which  yields  oil  and  gas.     In  these  folds  the  axis 
(IT  crest  line  slopes  or  pitches  both  to  the  northeast  and  to  the  south-. 
Test  from  a  point  that  may  be  designated  the  summit  of  the  fold. 

At  Lore  City  and  at  two  points  south  of  Bamesville  are  syn-, 
Hinal  basins  or  troughs,  the  opposite  of  the  anticlines  in  structure* 
.bother  depression  of  similar  character  is  situated  at  Woodsfield, 
The  rocks  slope  into  the  center  of  these  basins  from  all  sides,  thus  giv- . 
mg  them  a  saucerlike  form. 

One  illustration  may  be  given  to  explain  the  method  of  interpreting- 
^tructure  by  means  of  the  contour  map.  It  will  be  noticed  that  the 
contours  are  far  apart  for  a  distance  of  a  mile  or  so  to  the  south  and 
fisi  of  Temperanceville.  As  each  contour  interval  represents  a 
iifference  of  10  feet,  it  is  evident  that  the  rocks  lie  nearly  fiat  at  that 
ideality  and  rise  gently  west  of  the  village.  The  almost  flat  terrace- 
'ike  structure  at  Temperanceville  is  succeeded  eastward  by  an  abrupt 
increase  of  dip  to  more  than  80  feet  to  the  mile,  which  continues  as. 
-ar  as  the  shallow  depression  southwest  of  Somerton.  East  of  the 
(impression  the  strata  are  nearly  flat,  but  farther  east  they  show  an 
increased  downward  slope  toward  Malaga  and  Newcastle  and  in  other- 
Erections. 

On  the  map  (PL  XII,  in  pocket)  are  drawn  the  axes  of  the  prin- 
-npal  folds,  including  anticlines,  synclines,  and  cross  flexures,  most  of 
^hich  pitch  in  a  south  to  east  direction.  Practically  all  these  folds. 
^n  and  end  in  the  area  and  are  only  a  few  miles  in  extent. 

SUMMARY  OF  ECONOMIC  GEOLOGY. 

GOAL. 

STATISTICS  OF  PRODUCTION. 

In  the  mining  of  coal  in  eastern  Ohio  for  railroad  shipment  the 
tost  extensive  operations  are  in  the  Pittsburgh  and  Upper  Freeport 
Ms.  The  Lower  Freeport  ranks  next  in  importance,  and  is  mined 
4*  Amsterdam  and  other  places  in  Harrison,  Jefferson,  and  Colum- 
^iuia  counties.  The  Meigs  Creek  coal  has  been  mined  in  a  large  way 
%  at  Flushing,  in  Belmont  County.  The  Pittsburgh  bed,  the 
aif'st  extensive  of  aU,  is  mined  chiefly  in  the  northeastern  part  of 
B'^raont  County,  where  transportation  facilities  are  good  and  where 
*he  bed  is  accessible  by  drifts  or  by  shafts  of  slight  depth.     The 
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following  table  shows  the  production  of  coal  for  a  niunber  of  counties  m^ 
in  eastern  Ohio  through  a  period  of  years:  j 

Coal  produced  in  cartain  counties  o/easUm  OkiOf  in  short  Urns, 


Coanty. 


Mahoning... 
Columbiana. 
Jefferson — 
Harrison.... 

SUrk 

Carroll 

Guernsey... 
Belmont 


1800 


256,319 
567,505 
401,172 
8,600 
836,449 
328,967 
413,739 

774,  no 


3,676,951 


1900 


46,462 

602,264 

1,110,586 

6,342 

1,116,624 

167,521 

1,852,327 

1,345,284 


6,337,310 


.    1910 


60,434 

71&2S2 

5,241,681 

560,937 

496,509 

313,517 

4,686,994 

8,285,019 


1911 


20,340,343 


52,748 

660,196 

4,687,731 

550,287 

450,256 

269,167 

3,896,682 

8,002,127 


18,607,174 


1912 


33,194 

448,778 

4,858,529 

812,953 

414,452 

322,960 

4,246,955 

9,382,330 


20,520,100 


1913  - 


15, 7H 

622, 8M 

5,178,921 

730,221 

417, 2» 

379,061 

4,321,902 

10,436,281 


22,002,210 


County. 


Mahoning... 
Columbiana. 
Jefferson — 
Harrison — 

Stark 

Carroll 

Guernsey. . . 
Belmont . . . . 


1914 


1915 


15,903 

342,366 

2,172,881 

184,892 

457,933 

235,480 

2,936,707 

2,849,181 


12,566 

541,862 

3,006,453 

214,630 

352,020 

344,966 

3,232,961 

4,304,566 


9,195,343  j  12,612,014 


1916 


19,073 

589,527 

5,532,929 

973,628 

286,381 

301,137 

4,386,161 

10,330,941 


1917 


22,429,777 


42,028 

566,317 

5,507,730 

L  216, 253 

373,222 

432,827 

3,949,863 

11,166,504 


23,344,723 


1918 


84,451 

673,271 

6,689,936 

2,070,414 

533,591 

451,024 

4,206^812 

11,852,508 


26,604,007 


1010 


50,681 
634,411     J 
5,090,410 

887,074 
344,026 
3, 334,  OH- 
IO, ioi,r*^ 


21,311,838 


COAL  BEDS  IN  STRATA  THAT  DO  NOT  CBOP  OUT  IN  THE  AREA. 

Here  and  there  in  the  Woodsfield  quadrangle  and  especially  in  the 
Summerfield  quadrangle  coal  beds  lower  than  the  Upper  Freeport 
have  been  noted  in  the  drilling  of  oil  wells.  Most  of  the  reports 
have  come  from  the  vicinity  of  Quaker  City  and  Salesville  from  the 
Summerfield  gas  field,  and  from  the  area  between  Sarahsville  and 
Senecaville.  A  coal  commonly  recorded  is  probably  the  Lower  Free- 
port,  which  lies  about  40  feet  below  the  Upper  Freeport  and  is  gen- 
erally less  than  2  feet  thick  where  seen  in  outcrop  to  the  west,  in  the 
vicinity  of  Cambridge.  Both  this  and  lower  beds  recorded  by  the 
driller  may  prove  of  value  on  further  investigation,  but  it  must  be 
borne  in  mind  that  the  churn  drill  is  at  best  a  crude  apparatus  for 
coal  testing,  giving  little  reliable  evidence  as  to  composition  or  thick- 
ness. The  same  coal  tested  by  the  core  drill  might  prove  to  be  only 
''bone^'  or  shaly  coal  of  little  value.  Some  of  the  reported  occur- 
rences of  deep-lying  coal  beds  are  mentioned  in  the  township  de- 
scriptions. 

UPPER   FREEPORT   COAL   BED. 

The  western  part  of  the  Summerfield  quadrangle  includes  the  east 
border  of  the  Cambridge  coal  field,  the  most  valuable  area  of  the 
Upper  Freeport  bed  in  Ohio.  Cambridge,  the  principal  city  in  the 
region,  is  at  the  north  edge  of  the  field,  and  to  the  south  as  far  as 
Caldwell,  a  distance  of  20  miles,  commercial  mines  are  distributed 
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on  and  near  the  Cambridge  &  Marietta  branch  of  the  Pennsylvania 
Railroad  and  the  Cumberland  branch  of  the  Baltimore  &  Ohio  Rail- 
road. Conmiercial  mines  are  in  operation  at  three  places  in  the  area 
here  described — Blacktop,  Senecaville,  and  Waldhoning. 

AH  mining  operations  are  preceded  by  careful  exploratory  testing 
by  the  diamond  drill  or  the  hoUow-rod  drill,  for  the  reason  that  the 
coal,  although  6  to  7  feet  thick  in  large  areas,  is  subject  to  abrupt 
dianges  in  thickness.  The  Mahoning  sandstone,  which  hes  above 
ie  coal,  is  ordinarily  separated  from  it  by  a  few  feet  of  black  shale, 
ni  here  and  there  the  sandstone  extends  downward,  forming  an 
ondolating  contact  with  the  coal  and  locally  even  replacing  the  coal 
:iiroughout  large  areas. 

The  uncertainty  of  the  bed  and  the  failure  of  the  companies  to 
furnish  records  of  all  the  test  holes  makes  it  impossible  to  give  any 
infonnation  as  to  the  acreage  of  the  bed.  Most  of  the  exploratory 
vark  has  been  carried  on  near  the  principal  mining  centers,  in  out- 
aning  the  limits  of  minable  coal  on  the  property  of  each  company. 
The  locations  of  most  of  the  test  holes  are  represented  on  the  accom- 
paojing  map  (PI.  XII,  in  pocket)  and  also  on  the  farm  map  in  an 
earlier  report."  At  many  places  the  bed  is  limited  by  sandstone 
rolls."  The  Upper  Freeport  coal  bed  is  probably  at  its  best  in  a 
^e  area  of  proved  coal  land  east  and  northeast  of  Senecaville. 
Soath  of  this  area  the  coal  bed  is,  according  to  information  obtained 
^  the  drilling  of  oil  wells,  broken  by  sandstone  rolls  and  in  places 
^ms  to  be  absent.  In  most  of  the  area  of  the  Chaseville  oil  pool 
the  coal  is  lacking.  The  same  is  true  in  the  vicinity  of  Sarahsville, 
tt  indicated  both  by  oil-well  drilling  and  hoUow-rod  test  holes.  The 
inforaiation  available  for  the  area  south  of  Sarahsville  does  not 
indicate  commercial  quantities  of  the  Upper  Freeport  coal. 

Records  of  nearly  all  oil  wells  in  the  area  south  of  the  railroad 
between  Sarahsville  and  Summerfield  show  no  coal  at  this  horizon. 
In  a  few  wells  drilled  north  of  Summerfield  a  coal  bed  that  may  be 
the  Upper  Freeport  has  been  recorded.  Of  course,  the  failure  of  the 
<lriller  to  mention  coal  in  the  well  record  does  not  necessarily  mean 
^t  no  coal  beds  were  encountered.  Numerous  records,  however, 
mention  certain  thin  coal  beds  other  than  the  Upper  Freeport,  and 
it  is  taken  for  granted  that  in  the  places  represented  by  these  and 
»ther  records  that  are  fairly  detailed  the  Upper  Freeport  bed  is  not 
ffesent. 

For  information  as  to  the  thickness  of  the  Upper  Freeport  coal  in 
ihe  several  mines  in  the  area  the  reader  is  referred  to  the  descriptions 
pTen    under    Richland,   Center,   and    Wills  townships,   Guernsey 

;  *Coodit,  D.  I>.,  Structure  of  the  Beret  oil  sand  in  the  Ehxmmerfleld  quBdnuigle,  Guernsey,  Noble,  end 
^nnt  cooDtiea,  Ohio:  U.  8.  Ged.  Survey  Bui  1^1,  p  iJXi,  191«. 
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County  (pp.  59-65) .    Samples  for  analysis  were  taken  in  the  mines, 
and  the  results  are  given  on  page  38. 

ANDERSON   (BAKERSTOWN)   COAL. 

The  Anderson  coal  bed  is  thin  and  of  small  extent.  Its  geologic 
position  is  about  10  feet  above  the  Cambridge  limestone.  It  is  1  to  2 
feet  thick  in  parts  of  Richland  and  Valley  townships^  Guernsey 
County,  and  has  been  used  to  a  small  extent  by  the  farmtt^.  The 
bed  is  probably  at  its  best  in  the  Andy  Slovak  mine,  in  sec.  11,  Valley 
Township,  where  a  thickness  of  1  foot  10  inches  was  measured.  A 
sample  was  cut  for  analysis  and  the  result  is  given  on  page  39,  No. 
20243. 

PmSBURGH   COAL. 

The  Pittsburgh  coal  bed  will  in  the  not  distant  future  constitute 
the  basis  of  a  great  mining  industry.  Practically  all  of  the  Wood»- 
field  quadrangle  except  the  southwest  quarter  is  underlain  by  the 
coal  in  thicknesses  of  4  to  5  feet,  as  yet  almost  untouched.  Two 
commercial  mines  are  in  operation  on  the  outcrop  near  BamesviUe, 
and  those  are  the  only  places  where  the  coal  has  been  mined  in  a 
large  way  in  the  southwestern  part  of  Belmont  County  or  the  adjacent 
part  of  Monroe  County.  The  bed  in  its  extension  eastward  from 
BamesviUe  and  Woodsfield  to  Ohio  River,  a  distance  ef  26  miles, 
and  beyond  into  West  Virginia  constitutes  one  of  the  greatest  fud 
reserves  in  the  northern  Appalachian  region.     (See  fig.  5.) 

There  has  been  keen  competition  among  lessees  of  eoal  tracts  during 
the  last  15  years,  and  nearly  all  the  coal  land  is  now  under  the  control 
of  coal  companies.  The  prices  paid  have  varied  greatly,  being  only 
a  few  dollars  an  acre  at  the  start  but  increasing  to  $25  or  even  as 
much  as  $40  an  acre  when  the  fanners  had  b^un  to  realize  the  value 
of  the  coal. 

Diamond-drill  tests  have,  v/ith  the  few  exceptions  noted  elsewhere 
in  this  report,  demonstrated  the  regularity  in  thickness  of  the  Pitts- 
burgh bed  in  Warren,  Goshen,  Somerset,  Wayne,  Smith,  and  Wash- 
ington townships,  Belmont  County,  and  in  Sunsbury,  Adams,  and 
parts  of  Malaga  and  Center  townships,  to  the  west,  in  Monroe  County. 
Somewhere  under  cover  in  the  southwestern  part  of  the  Woodsfield 
(juadrangle  the  bed  abruptly  thins,  and  it  is  of  no  value  farther 
southwest  for  many  miles.  At  Tomperanceville  and  northwestward 
toward  Quaker  City  the  line  Jimiting  the  minable  coal  can  readily 
be  drawn,  as  represented  on  the  maps  (Pis.  V  and  XII).  For  the 
area  to  the  south,  where  the  coal  lies  under  cover,  the  line  is  drawn 
with  less  certainty  from  information  derived  from  a  few  core-drill 
records  and  from  oil-well  records. 
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The  doubtful  character  of  the  coal  in  the  west  half  of  Malaga 
Township,  much  of  Center  Township,  and  all  of  Summit  Township 
is  such  that  anyone  considering  the  purchase  of  coal  land  in  this  area 
should  insist  on  thorough  prospecting  with  the  diamond  drill.  Oil- 
irell  records,  no  matter  how  many,  can  not  serve  the  same  purpose, 
and  the  fact  that  the  drillers  report  ''Pittsburgh  No.  8''  coal  as  far 
v«t  as  Lewisville  should  be  given  little  weight.  There  is  always  a 
|»ssibility  that  the  coal  so  reported  may  consist  mostly  of  bone  and 
^e  or  that  it  is  not  the  Pittsburgh  bed  but  rather  another  thin  bed 
ikout  30  feet  higher,  variously  known  as  the  Pittsburgh  Rider,  Red- 


fKcu  s. — Mftp  of  northern  part  of  Appalachian  coal  field.    The  location  of  the  Sununerfleld  and 
Woodifleld  qtuulraiigles  Is  shown  by  Uie  rectangle  in  eastern  Ohio  opposite  Wheeling,  W.  Va. 

e,  or  Pomeroy.  Already  a  number  of  purchasers  have  acquired 
gold  bricks."  Some  of  these  transactions  have  involved  lands 
worthlessness  for  coal  is  evident  from  direct  field  observations 
rf  the  outcrop  alone,  and  the  purchasers  could  have  been  spared  this 
aiistake  through  the  services  of  a  geologist.  Such  lands  are  found 
psecs.  25,  26,  31,  and  32  and  part  of  sec.  33,  in  the  northwest 
er  of  Somerset  Township,  Belmont  County,  and  in  the  western 
of  Malaga  Township  and  possibly  all  of  Summit  Township, 
onroe  County.  The  disappearance  of  the  coal  along  the  valley 
est  from  Temperanceville  has  long  been  known.  To  the  south 
ng  Rock  Creek  and  its  two  forks  the  bed  where  geologically  due 
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is  marked  by  black  shale  resting  on  limestone.  About  70  feet  highei 
in  the  same  valley  is  the  Lower  Meigs  Creek  coal,  2  to  3  feet  thick 
which  has  been  mistaken  for  the  Pittsburgh  by  some  geologists, 
The  same  conditions  prevail  along  the  outcrop  to  the  south  acroa 
the  county  line,  in  the  valleys  of  Seneca  and  Paynes  forks  of  Will^ 
Creek. 

The  township  descriptions  given  in  another  part  of  this  report  sej 
forth  fully  the  evidence  as  to  the  thickness  and  character  of  th^ 
Pittsburgh  coal  in  each  township.  A  number  of  the  measurement^ 
are  also  diagramatically  represented  on  the  index  map  (PI.  V).  Th< 
coal  consists  of  one  principal  bed  divided  into  several  parts  by  thii 
layers  of  shale  or  "sulphur,"  some  of  which  are  fairly  constant 
whereas  others  are  of  local  extent.  Above  the  principal  bench  then 
may  be  a  foot  or  so  of  clay  overlain  by  several  inches  of  impure  coa 
commonly  known  as  the  roof  coal.  Elsewhere  the  roof  coal  may  b 
missing  or  replaced  by  shale  or  sandstone.  As  a  rule  the  coal  bed  ii 
found  to  vary  considerably  in  thickness  where  it  is  directly  overlaii 
by  sandstone — ^for  example^  in  parts  of  Wajme  and  Goshen  town 
ships,  as  shown  by  core-drill  data,  and  in  parts  of  the  Cochran  mini 
at  Baileys  Mills. 

In  southwestern  Pennsylvania,  where  the  Pittsburgh  coal  is  at  it 
best,  the  bed  is  divided  into  a  number  of  parts  by  thin  layers  o 
shale  that  are  almost  as  persistent  as  the  coal  itself.  The  severe 
parts  of  the  coal  bed  have  been  given  names  by  the  miners,  and  som 
of  them  are  recognizable  in  the  foUowing  section  measured  in  th 
Samuel  Sayre  mine,  1^  miles  northwest  of  Quaker  City. 

Section  of  coal  bed  in  Sayre  mine. 


^ 


Shale,  unmeasured:  Ft.  in. 

Bony  coal 4 

*' Breast"  coal: 

Coal 9 

"Sulphur" 1 

Coal 1      8 

Shale \ 

"Bearing  in  "coal 3i 

Shale \ 

•  "Bottom"  coal ll" 

The  heating  value  and  chemical  composition  of  the  Pittsburgh  coi 
are  shgwn  by  analyses  of  four  samples,  Nos.  20187,  20188,  20230,  an 
20178  in  the  table  on  page  39.  ITie  table  also  includes  for  compari 
son  the  analysis  of  a  sample  from  the  Connellsville  coke  region  c 
southwestern    Pennsylvania.**^    Evidently    the    Pittsburgh    coal    c 

Belmont  County  ranks  considerably  higher  in  heating  value  than  th 

^ I 

i«  AnalyMs  of  coals  in  the  United  Stat«s,  with  dociiptions  of  mine  and  tael  samples  ooUeeted  July 
J904,  to  Jane  90, 1010:  U.  S.  Bur.  Mines  Bull.  22,  p.  168  (laborauvy  No.  4411). 


SUMMARY  OF  ECONOMIC  GEOLOGY,  31 

Meigs  Creek  and  other  coals  in  the  area^  but  it  does  not  compare  so 
f&rorably  with  the  Pittsburgh  of  southwestern  Pennsjlvama. 

LOWER  MEIGS  CREEK  COAL. 

The  stratigraphic  position  of  the  Lower  Meigs  Creek  coal  bed,  a& 
shown  by  measurements  recorded  in  the  descriptions  of  townships, 
b  18  to  35  feet  below  the  Meigs  Creek  coal.  The  two  beds  appear  in 
r^tcrop  in  all  parts  of  the  Summerfield  quadrangle  and  have  been 
recorded  in  diamond-drill  test  holes  and  in  oil  wells  to  the  east.  In 
cost  places  the  Lower  Meigs  Creek  coal  is  so  insignificant  that  it  has- 
!)een  overlooked  or  incorrectly  identified,  even  by  geologists.  Its- 
thickness  at  best  is  rarely  found  to  be  as  much  as  3  feet,  and  it  in- 
cludes numerous  shaly,  earthy  bands  and  '^sulphur.''  Both  on  the 
'•utcrop  and  to  the  east,  where  it  lies  far  below  the  surface,  this  bed 
IS  locally  2  to  3  feet  thick  and  with  such  dimensions  extends  through- 
out areas  where  the  Meigs  Creek  coal  is  thin  or  lacking.  In  such 
places  the  Lower  Meigs  Creek  may  be  mistaken  for  the  Meigs  Creek 

One  of  the  most  pronusing  areas  of  this  coal  is  in  the  valleys  of 
westward-flowing  tributaries  of  Wills  Creek  between  Temperance- 
nlle  and  Monroefield.  Here  the  coal  lies  imder  a  massive  sandstorue 
^d  rests  on  gray  limestone.  At  a  few  places  the  Me^  Creek  coal 
appears  about  30  feet  higher.  The  Pittsburgh  coal  is  of  no  value 
■n  the  outcrop  in  this  vicinity,  although  not  so  reported  by  some 
'^•servers  who  have  mistaken  the  Lower  Meigs  Creek  coal  for  the 
Pittsburgh  bed. 

This  coal  is  also  2  feet  or  more  thick  at  certain  places  near  Barnes 
^  and  northwest  of  Temperanceville,  toward  Quaker  City.  De- 
tailed information  concerning  the  bed  in  each  township  is  given  in 
«i^  township  descriptions. 

Xo  recent  openings  in  the  Lower  Meigs  Creek  coal  were  discovered, 
ind  therefore  no  samples  were  taken  for  analysis.  From  numerous 
Measurements  and  notes  given  in  the  township  descriptions  it  is 
^dent  that  the  value  of  the  coal  is  diminished  by  the  presence  of 
'mlphur"  bands  and  numerous  thin  shaly  partings.  In  its  extent 
hs  a  minable  bed  and  in  quality  it  can  in  no  way  compare  favorably 
^th  the  Meigs  Creek  coal. 

MEIOS  CREEK  COAL. 

Tie  Meigs  Creek  coal  ranks  next  to  the  Pittsburgh  in  value  in  the 
poodsfield  and  Summerfield  quadrangles.  Along  the  outcrop  it  is 
kst  in  the  ridges  westward  from  Summerfield  to  Sarahsville  and 
^thward  for  many  miles  beyond  the  limits  of  the  area  described 
fK  this  report.  From  Summerfield  northeastward  to  a  point  within 
i  few  miles  of  Bamesville  is  a  barren  area  where  the  coal  is  thin  or 
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lacking,  but  west  of  this  area,  in  the  hi^  ridges,  there  is  a  narrow 
productive  belt  extending  from  Mount  Ephraim  through  Batesville 
and  Baileys  Mills  along  the  west  side  of  Bamesville. 

East  of  Bamesville  the  coal  appears  in  outcrop  low  in  the  valley 
of  Long  Run  and  other  tributaries  of  Captina  Creek.  Its  southeast- 
ward dip  is  at  about  the  same  rate  as  the  gradient  of  the  streams, 
itnd  therefore  the  coal  lies  10  to  40  feet  above  the  creek  bed  for  miles 
and  has  been  mined  in  a  small  way  at  dozens  of  places.  Near  the 
junction  of  North  and  South  forks  of  Captina  Creek  the  bed  dips 
below  the  valley  and  is  10  to  20  feet  under  cover  eastward  for  about 
3  miles.  According  to  report  the  coal  has  been  stripped  during  low 
water  near  the  mouth  of  Piney  Creek.  About  2  miles  farther  east, 
at  Alledonia,  it  is  at  least  20  feet  below  the  creek  bed,  but  it  rises 
again  to  the  surface  about  1  mile  north  of  Alledonia,  along  and  near 
the  mouth  of  Bend  Fork,  where  the  coal  has  been  mined  for  many 
years. 

Careful  search  along  Sunfish  Creek  in  the  southeastern  part  of  the 
Woodsfield  quadrangle  failed  to  reveal  an  outcrop  of  the  Meigs  Creek 
coal,  although  its  position  for  several  miles  should  be  near  the  valley 
floor  or  only  slightly  below,  as  indicated  by  the  position  of  the 
Uniontown  coal  in  the  hills  that  border  the  valley. 

Tlie  extent  of  the  Meigs  Creek  coal  as  a  valuable  bed  under  cover 
in  the  Woodsfield  quadrangle  is  probably  considerable.  A  careful 
inspection  of  the  outcrop  along  Captina  Creek  shows  the  bed  to  be 
3  to  4  feet  thick  at  nimierous  places.  It  is  subject  to  abrupt  varia- 
tions in  thickness  and  quality  along  its  outcrop,  however,  and  there- 
fore should  be  carefully  prospected  by  the  person  who  is  considering 
the  carrying  on  of  mining  operations  on  a  large  scale.  In  structure 
or  the  nimiber  of  partings  and  shale  bands  it  also  shows  considerable 
variation.  The  bed  is  evidently  in  no  way  comparable  to  the 
Pittsburgh  coal  as  to  persistence  and  general  reliability. 

Detailed  information  as  to  the  bed  on  its  outcrop  in  each  township 
is  set  forth  in  another  part  of  this  report.  The  variation  in  thickness 
is  shown  roughly  by  Plate  VI  and  the  accompanying  sections. 

Among  oil  men  the  Meigs  Creek  coal  is  commonly  known  as  the 
Mapletown  and  is  so  recorded  in  wells  drilled  for  oil  in  all  parts  of 
the  Woodsfield  quadrangle.  To  the  west,  in  the  vicinity  of  Summer- 
field,  it  has  been  mistaken  for  the  Pittsburgh. coal  by  somie  people. 
The  reliability  of  the  reports  of  drillers  as  to  the  thickness  of  the 
Meigs  Creek  is  of  course  subject  to  question,  for  the  usual  reasons, 
and  also  because  another  coal  bed,  the  Lower  Meigs  Creek,  lies  18 
to  35  feet  lower  and  is  locally  2  to  3  feet  thick  where  the  Meigs  Creek 
is  thin  or  lacking,  as  on  the  out<5rop  south  of  Temperanceville,  in  val- 
leys tributary  to  Seneca  Fork,  and  also  in  several  oil  fields  to  the 
east  where  the  coals  have  been  recorded. 
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Samples  of  the  Meigs  Creek  coal  were  cut  in  five  mines  at  widely 
separated  localities.  Sections  of  the  coal  bed  at  each  locality  are 
given  on  the  index  map  (PL  VI).  Sections  of  the  beds  are  also  given 
on  pages  45-46,  and  the  calorific  values  and  analyses  of  the  samples 
on  page  40. 

UNIONTOWN    COAL. 

The  extent  of  the  Uniontown  coal  bed  in  workable  thickness  along 

its  outcrop  is  less  than  that  of  the  Waynesburg,  aboiit  60  feet  higher, 

or  the  Meigs  Creek,  about  110  feet  lower.  Although  geologically  due 
in  nearly  all  parts  of  the  Woodsfield  quadrangle  and  in  much  of  the 
Summerfield  quadrangle,  it  is  of  no  economic  importance,  except 
along  Sunfish  Creek  eastward  from  Woodsfield  and  along  Captina 
Creek  and  its  tributaries  Jakes  Rim,  Bend  Fork,  and  Joy  Run,  in 
the  northeast  comer  of  the  area.  The  coal  is  soft  and  earthy  and 
is  characterized  by  shale  bands,  which  vary  in  thickness  and  number 
from  place  to  place  and  are  locally  so  numerous  that  they  can  not 
be  separated  from  the  coal  by  the  miner.  The  character  of  the  coal 
is  illustrated  by  sections  that  accompany  the  index  map  (PI.  VII). 
On  this  map  the  extent  of  the  coal  where  it  is  1  foot  or  more  in  thick- 
ness is  represented. 

Along  the  ridge  roads  in  the  vicinity  of  Summerfield  the  Union- 
town  coal  forms  conspicuous  ''  blossoms  "  that  would  indicate  a  good 
thickness.  Where  seen  in  clean  exposures  in  the  railroad  cuts,  how- 
<?ver,  it  is  found  to  consist  largely  of  worthless  bone  interbedded  with 
foal. 

At  Barnesville,  Temperanceville.  and  Lewisville  there  is  commonly 
I  few  inches  of  coal  at  the  Uniontown  horizon,  together  with  more 
«rless  bony  coal.  Locally  there  are  two  thin  layers  of  coal  separated 
by  6  to  10  feet  of  shale. 

The  quality  of  the  coal  has  been  determined  from  samples  taken 
At  two  localities.  The  results  of  the  analyses  are  given  in  the  table 
tn  page  40.  The  calorific  value  of  the  two  samples  as  received  is 
11.660  and  11,540  British  thermal  units,  and  the  ash  content  is  15.3 
p^T  cent  in  each  sample.  The  heating  value  is  similar  to  that  of  the 
^a}Tiesburg  coal,  but  considerably  less  than  that  of  the  Pittsburgh. 

It  is  evident  that  the  Uniontown  coal  will  find  its  chief  use  as  a 
convenient  source  of  fuel  for  the  farmers.  The  presence  of  numerous 
ihale  bands  and  a  high  ash  content  will  be  a  serious  drawback  to  its 
l^ing  mined  for  the  market,  even  where  the  thickness  is  as  much  as 
3  feet. 

WAYNESBURG   COAL. 

The  Waynesburg  coal  lies  265  to  2S5  feet  above  the  Pittsburgh 
<^'>al  as  found  in  the  north  half  of  the  Woodsfield  quadrangle.  In 
that  arfea  it  has  long  been  mined,  especially  in  the  vicinity  of  Boston, 
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Somerton,  Newcastle,  and  Hunter,  and  is  designated  the  Four  Foot 
Hard  coal  by  the  farmers.  The  bed  is  2  to  3  feet  think  throughout 
nearly  all  of  Somerset  Township  and  3  feet  or  more  in  parts  of  (joshen 
and  Wayne  townships,  Belmont  County.  No  exposures  as  thick  as 
1  foot  were  found  to  the  south  in  Monroe  County.  The  outcrop  of 
the  bed  where  1  foot  or  more  in  thickness  is  represented  on  the  index 
map  (PI.  VIII). 

The  coal  has  been  mined  in  a  small  way  by  the  farmers  for  many 
years.  The  usual  procediu-e  is  to  drive  a  drift  into  the  hillside  from 
which  the  supply  necessary  for  home  use  is  taken  out  for  a  few  seasons 
imtil  the  roof  falls.  Then  another  drift  is  made,  and  in  this  manner 
the  hills  have  become  scarred  with  numerous  prospect  holes.  Many 
measurements  in  natural  exposures  and  small  mines  were  made  in 
each  township,  and  these  are  given  in  the  township  descriptions. 
Representative  sections  of  the  bed  are  given  on  Plate  VIII. 

The  Waynesburg  coal  was  sampled  at  four  localities,  and  the  re- 
sults are  given  in  the  table  on  page  41.  The  coal  is  high  in  ash, 
averaging  about  15.2  per  cent  in  the  coal  as  it  comes  from  the  minCi 
but  not  nearly  so  high  as  the  Washington  coal,  which  shows  21  per 
cent.  In  heating  value  the  coal  averages  about  11.730  British 
thermal  imits,  a  little  more  than  the  Washington  coal  but  consider- 
ably less  than  the  Pittsburgh  coal. 

Tlie  Waynesburg  coal,  as  is  evident  from  the  sections,  varies  con- 
siderably in  thickness  from  place  to  place  and  has  no  characteristic 
partings  that  are  persistent  throughout  wide  areas.  Numerous 
sections  and  local  details  concerning  the  coal  are  given  in  the  town- 
ship descriptions. 

WASHINGTON   COAL. 

The  Washington  is  the  highest  coal  bed  in  the  geologic  column  of 
the  area  under  consideration.  There  is,  it  is  true,  more  or  less  im- 
pure bony  coal  about  140  feet  higher  at  a  few  localities,  but  nowhere 
is  it  worthy  of  special  attention  as  coal.  The  Washington  bed  almost 
everywhere  on  its  outcrop  consists  of  a  layer  1  to  8  feet  thick.  It 
occurs,  as  shown  by  the  maps  (Pis.  IX  and  XII) ,  well  up  in  the  hills 
in  the  vicinity  of  Woodsfield,  and  gradually  rises  northward  to  the 
tops  of  the  highest  hills  a  little  beyond  the  Belmont  County  line. 

There  are  locally  other  coal  beds  10  feet  and  26  feet  above  the 
Washington  coal,  and  where  these  are  of  any  prominence  they  may 
be  mistaken  for  the  Washington.  These  "rider"  coals  were  seen  in 
the  eastern  part  of  Goshen  Township  and  also  in  Malaga  Township. 
Their  thickness  is  nowhere  as  great  as  that  of  the  Washington  coal, 
and  the  beds  will  not  be  confused  except  where  the  exposures  are 
poor. 
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The  thickness  and  structure  of  the  Washington  coal  is  shown  by 
numerous  meastu^ements  given  in  the  township  descriptions,  a  few  of 
which  are  repeated  on  Plate  IX  for  the  convenience  of  the  reader. 
The  bed  where  thickest,  as  seen  in  Sunbury  Township  and  to  the 
north  near  Captina  Creek,  consists  of  two  layers  each  1  to  2  feet 
thick,  separated  by  a  foot  or  so  of  clay  shale.  It  shows  a  similar 
make-up  also  in  other  localities  to  the  west. 

This  coal  has  been  mined  entirely  by  the  farmers  for  their  own 
use,  and  the  method  followed  has,  except  at  a  few  small  drift  mines, 
been  stripping  along  the  outcrop  in  ravines.  The  thinness,  the 
shaly  partings,  and  the  extremely  high  ash  content  (21  per  cent)  are 
unfavorable  features  of  the  coal.  Throughout  most  of  the  area 
there  are  other  more  accessible  coal  beds  to  supply  the  local  demand, 
and  much  coal  from  commercial  mines  is  also  distributed  to  the  vil- 
lages on  the  railroads.  Therefore  the  prospective  value  of  the 
Washington  coal  is  slight. 

A  sample  was  taken  in  the  S.  A.  Moore  mine,  sec.  33,  Washington 
Township,  one  of  the  few  places  where  the  coal  has  been  extracted 
b?  drift  mining.  The  section  of  the  bed  is  given  on  Plate  IX,  and  the 
analysis  of  the  sample  on  page  41. 

The  measurements  given  on  the  index  map  are  selected  as  repre- 
sentative of  the  coal  in  the  areas  mentioned.  The  bed  is  evidently 
at  its  beet  at  the  east  side  of  the  Woodsfield  quadrangle,  where  it 
comprises  an  upper  and  a  lower  bench.  In  the  section  measured 
at  Hunter  there  is  a  suggestion  of  the  two  benches,  but  the  upper 
bench  of  coal  is  decidedly  shaly.  In  the  vicinity  of  Woodsfield  and 
to  the  east  and  west  for  several  miles  the  coal  consists  of  a  single 
layer  14  to  17  inches  thick.  Before  the  construction  of  the  railroad 
and  the  shipping  of  fuel  from  more  distant  sources,  this  coal,  being 
aknost  the  onlj  bed  of  any  value  in  the  area^  was  extensively  stripped. 
The  coal  as  foimd  in  the  high  hills  along  the  county  line  north  of 
Malaga  conmionly  shows  the  two  benches  represented  in  the  section 
at  locality  87.  (See  PL  IX.)  Roadsidb  and  ravine  exposures  are 
plentiful,  but  few  of  the  farmers  have  found  it  necessary  to  use  this 
coal,  because  they  can  obtain  a  more  convenient  supply  from  the 
Waynesburg  bed,  which  has  a  fair  development  in  the  same  vicinity. 

COMPOSmON  OF  THE   GOAL. 
COAL  BAMPLIira. 

The  method  of  sampling  of  coal  beds  as  described  by  CampbeD  *' 
were  followed  in  the  collection  of  the  samples.  All  samples  are  col- 
lected in  mines  or  prospects  at  the  freshest  place  available.    The 

''  3Gsoellaneous  analysa  of  coal  samples  from  varioos  fields  of  the  United  States:  U.  S.  Oeol.  Surrey 
BjII.  531.  pp.  331-333, 1913. 
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collector  faces  up  the  bed  until  fresh  material  is  bared  and  then  ob-    ^ 
tains  his  sample  by  making  a  uniform  cut  across  the  bed  from  roof  to    ^ 
floor,  including  all  such  benches  and  partings  as  an  experienced  and    , 
careful  miner  would  include  in  commercial  coal  and  throwing  out 
such  impurities  as  would  certainly  be  excluded  in  practical  operation. 
He  cuts  suflicient  coal  to  give  at  least  6  pounds  for  each  foot  of  coal 
bed  sampled.     The  sample  is  pulverized  in  the  mine  until  it  will  pass    . 
through  a  ^-inch  mesh  and  then  is  quartered  down  until  about  4 
poun^  remains.    This  is  placed  in  a  galvanized-iron  can,  sealed  with 
adhesive  tape  or  paraffin,  and  mailed  to  the  laboratory  for  analysis. 
The  sampling  is  done  on  the  principle  that  a  coal  mine  should  be 
sampled  as  carefully  as  a  gold  mine  and  that  the  sample  should  be 
even  more  carefully  handled  after  it  has  been  taken.    The  object  of 
sealing  is  to  prevent  change  in  the  moisture  content,  so  that  the  coal 
may  reach  the  laboratory  in  practically  the  same  condition  that  it 
exists  in  the  mine.     Coal  is  a  very  unstable  substance,  and  great  care 
must  be  exercised  to  prevent  oxidation  in  the  course  of  preparation 
and  in  transit.     It  is  also  important  that  the  sample  should  consist  of 
neither  the  best  nor  the  poorest  coal,  but  that  it  should  be  representa- 
tive of  the  output  of  the  mine,  if  one  is  in  operation,  or,  if  the  field  is 
undeveloped,  it  should  represent  as  nearly  as  possible  the  merchant*    ' 
able  coal  that  may  be  obtained  at  some  time  in  the  future  when  mining 
is  carried  on. 

Although  the  aim  of  the  geologist  in  obtaining  a  sample  by  the 
method  specified  above  is  to  obtain  coal  that  is  representative  of  the 
output  of  the  mine,  practical  experience  has  shown  that  this  is  seldom 
or  never  accomplished.  Almost  invariably  the  sample  obtained  in  the 
mine  contains  a  lower  percentage  of  impurities  than  the  coal  which 
reaches  the  consumer.  This  is  due  largely  to  carelessness  in  nniniT>g 
and  handling  and  probably  could  be  largely  eliminated  were  the  con- 
ditions of  mining  more  nearly  ideal. 

ANALYSES. 

All  the  analytical  work  was  done  by  chemists  of  the  Bureau  of  Mines. 
In  the  table  the  analyses  are  given  in  three  forms,  marked  ''A,"  "B," 
and  ^^C."  Analysis  A  represents  the  sample  as  it  comes  from  the 
mine.  Analysis  B  represents  the  theoretical  condition  of  the  coal 
after  all  the  moisture  has  been  eliminated.  Analysis  C  represents  the 
coal  after  all  moisture  and  ash  have  been  theoretically  removed. 
This  is  supposed  to  represent  the  true  coal  substance,  free  from  the 
most  significant  impurities.  Forms  B  and  C  are  obtained  from  the 
other  merely  by  recalculation.  They  should  not  be  used  except  in 
theoretical  comparisons,  for  they  represent  theoretical  substances 
that  do  not  exist. 
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The  coal  of  this  part  of  Ohio  will  sooner  or  later  come  into  direct 
competition  with  coal  from  adjacent  States,  so  it  is  best  for  all  con- 
cerned— the  operator  as  well  as  the  consumer — to  understand  fully 
their  comparative  values.  The  demand  for  fuel  in  this  area  is  per- 
haps not  now  sufficient  to  attract  coal  from  Pennsylvania  and  West 
Tirginia,  but  it  eventually  will  be;  and  as  soon  as  the  local  coal  is 
shipped  out  of  the  area  it  will  come  into  direct  competition  with  better 
coal  from  the  areas  farther  east  and  south. 

The  cpal  of  the  Summerfield  and  Woodsfield  quadrangles  may  be 
able  to  hold  its  own  indefinitely  in  the  local  market,  where  the  de- 
mands are  not  so  exacting  as  they  are  elsewhere,  and  the  low  freight 
rates  on  it  as  compared  with  those  on  coal  shipped  from  Pennsylvania 
and  West  Virginia  may  make  it  really  cheaper.  But  for  producing 
steam,  especially  in  big  power  or  manufacturing  plants,  it  will  come 
into  direct  competition  with  better  coal,  and  the  tendency  now  is  to 
select  coal  for  such  plants  only  after  a  long  series  of  tests  has  been 
made  to  show  exactly  the  comparative  values  of  a  number  of  available 
coals. 

The  coal  of  the  Summerfield  and  Woodsfield  quadrangles  has 
four  characteristics  which  should  be  carefully  considered — ^high 
moisture,  high  ash,  high  sulphur,  and  low  heating  value.  The  low 
heating  value  is  of  course  but  the  logical  result  of  the  high  percent- 
ages of  moisture  and  ash,  for  as  these  impurities  increase  the  heating 
value  of  the  coal  diminishes.  Another  fact  to  be  noted  is  the  gen- 
eral decrease  in  the  efficiency  of  the  coal  in  the  Appalachian  trough 
from  its  east  to  its  west  side,  due  to  the  decrease  in  the  effect  of 
metamorphism  in  that  direction,  which  is  shown  by  the  change  in 
the  comparative  heating  value  of  the  Pittsburgh  coal  from  Lore 
City,  in  this  area,  eastward  to  Frostburg,  in  Maryland.  Thus  the 
heating  value  of  the  Pittsburgh  coal  mined  near  Bamesville,  in 
British  thermal  imits,  is  12,840;  near  Wheeling  W.  Va.,  it  is  13,000; 
at  Pittsburgh,  Pa.,  13,400;  at  Connellsville,  Pa.,  13,600;  and  at  Frost- 
burg, Md.,  14,000.  The  best  coals  of  Pennsylvania  and  West  Vir- 
ginia 3rield  about  14,000  British  thermal  units  and  contain  not 
much  more  than  1  per  cent  of  sulphur  and  about  6  or  7  per  cent 
of  ash. 

The  exact  quantity  of  sulphur  in  coal  to  be  used  for  raising  steam 
or  for  heating  is  not  of  great  significance,  but  the  quantity  in  coal 
to  be  used  for  making  coke  for  smelting  iron  is  of  paramount  im- 
portance. Most  of  the  coals  in  this  field  contain  too  large  a  per- 
centage of  sulphiu*  to  be  used  for  making  coke,  except  perhaps  the 
Upper  Freeport  coal  which  averages  about  1^  per  cent.  The  same 
i^  true  of  coal  to  be  used  for  the  manufacture  of  gas,  so  that  these 
coals  are  unadapted  to  such  uses  until  some  inexpensive  process 
of  reducing  materially  their  content  of  sulphur  is  devised. 
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Average  of  analyses  for  each  coal. 


Coal  bed. 


Sulphor. 


Upper  Freeport  (0  analyses) 

Anderson  (i  analysis) 

Pittsburgh  (6  analyses) 

Meigs  Creek  (5  analyses) 

Unjontown  (2 analyses) ...., 
Waynesburg  (4  analyses). . . 
Washington  (1  analy^) 


Ash. 


L67 

7.0 

3.75 

10.4 

4.54 

9.0 

4.05 

12.5 

3.40 

16u3 

3.01 

15.2 

2.85 

21.0 

British 

thermal 

units. 


12,770 
12,490 
12,800 
12,170 
11,500 
11,730 
10,820 


ICoisture. 


5.2 
4.3 
4.0 
4.0 
4.8 
4.5 
4.1 


MINES   FBOM   WHICH   SAMPLES   WERE   OBTAINED. 

In  the  following  descriptions,  which  are  arranged  in  the  same  order 
as  the  table  of  analyses,  the  niunbers  in  black-face  type  are  the 
laboratory  numbers  of  the  samples. 

UPPER  FRSEPORT  GOAL. 

ZQlZ^if  20265.  Blacktop,  a  shaft  mine  of  the  Morris  Coal  Co.  on  a  spur  from  the  Balti- 
more &  Ohio  Railroad,  1  mile  west  of  Lore  City,  sec.  8,  T.  1  N.,  R.  2  W.,  Richland 
Township,  Guernsey  Coimty.  Upper  Freeport  coal  at  top  of  Allegheny  fonnation; 
thickness  variable.  The  bed  was  measured  and  sampled  at  two  points  by  D.-  Dale 
Condit  on  November  28,  I9I4,  as  described  below. 

Sections  of  coal  bed  in  Blacktop  mine. 


Roof,  shale. 

Coal 

Coal,  bony 

Coal 

Bone 

Coal 

Floor,  clay. 

Thickness  of  bed : 

Thickness  of  coal  sampled 

o  Not  included  in  sample. 

20264.  Entry  23  east  off  main  south  entry,  6,200  feet  S.  1$°  E.  of  shaft.  The  mina  was  dry  at  the  point  of 
sampling. 

20265.  Near  end  of  main  south  entry,  7,300  feet  S.  12^  W.  of  shaft. 

The  upper  bony  band  in  the  coal  was  included  in  the  samples.  The  lower  bone 
band  is  excluded  in  mining.  The  shaft  is  about  102  feet  deep.  The  average  daily 
output  in  1914  was  reported  to  be  1,000  tons. 

20261,  20262.  Cleveland,  a  shaft  mine  of  the  Morris  Coal  Co.  on  a  branch  of  the 
Baltimore  &  Ohio  Railroad  at  Senecaville,  sec.  21,  T.  1.  N.,  R.  2  W.,  Richland  Town- 
ship, Guernsey  County.  Upper  Freeport  coal;  thickness  variable.  Sandstone  roll 
encountered  in  workings.  The  bed  was  measured  and  sampled  at  two  points  by  Frank 
Reeves  on  November  28,  ldl4,  as  described  below. 


SUMMABY  OF  EOOKOIflC  QEOLOQY. 


43 


Sections  of  coal  bed  in  Cleveland  mine. 


20261 

Roof,  shale  or  sandstone. 

Coal 

Ft.  in. 

I     6 

8* 

Ol 

7 

8* 
02 
0 

•J 
4 

V 

Ft 

1 

.  in. 
8 

^•Soot" 

0* 

Coftl 

Boot. 

Coal 

"Soot" 

T» 

Coal 

*'So(A'* 

Coal 

Bone 

•1 

Coal 

? 

"Soot" 

\ 

Coal 

8 

"Soot" 

4 

Coal 

6* 

Bone 

•  2 

Coal 

4 

al 

Coal 

7 

Thickness  of  bed 

5  11} 

6  71 

5 

4 

i?l 

•  Not  JDchided  in  sample. 

2Q361.  Room  No.  5  east,  off  main  north  entry,  5,000  feet  east  of  shaft. 
20382.  10,200  feet  north  of  shaft. 

^1245,  ZOHB*  Waldhonding  No.  2,  a  shaft  mine  of  the  Cambridge  Colliery  Co.  on  a 
spur  of  the  Baltimore  &  Ohio  Railroad,  sec.  11,  T.  8  N.,  R.  9  W.,  Valley  Township,  1 
ciile  east  of  Hartford.  Upper  Freeport  coal;  thickness  variable.  The  bed  was 
measured  and  sampled  at  two  points  by  Frank  Reeves  on  November  27,  1914,  as 
liescribed  below. 

Sections  of  ooal  bed  in  Waldhonding  No.  2  mine. 


20245 

20246 

Roof,  shale. 

Coal 

Fi.  in. 
2 

8» 

2    V 

V 

8* 

V 

1*J» 

Ft.  In. 
1     9 

"Soot" 

•1 

Coal 

I     6 

•Soot" 

\ 

Coal 

4 

"Soot"     

•  k 

CoaJ 

9 

••<oot"     

Coal 

Clay 

coS: ::::::::::;:;:::::.::::;::::;::::::;:::;;;.:.::;.;.:...: :.: 

Bone 

al 

Coal 

10 

F^w,  oJay. 

Thickness  of  bed 

I  4 

»  ^ 

Thk*imAM  of  Qoal  8ami>ledx 

*  Not  inchided  in  sample. 

^i5.  600  fe«t  soatheast  of  shaft. 
JB«6.  3,400  feet  northwest  of  shaft. 


AVDEBSOir  COAL. 


HU3.  Drift  mine  operated  by  Andy  Slovak  at  Waldhonding,  a  mining  village 
1  mile  east  of  Hartford,  in  sec.  11,  T.  8  N.,  R.  9  W.,  Valley  Township,  Guernsey 
County,  on  branch  of  Baltimore  &  Ohio  Railroad.  Anderson  (Bakerstown)  coal; 
thickness  averages  about  1}  feet.  The  coal  is  mined  in  a  very  small  way  for  local 
^.   The  bed  has  a  similar  thickness  throughout  a  considerable  area  but  has  been 
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mined  at  only  a  few  plftcee.  The  sample  was  cut  by  Frank  Reeves  on  November 
27,  1914,  at  a  point  75  feet  from  the  mine  mouth,  where  the  bed  consists  of  22  inches 
of  coal  with  a  sandstone  roof  and  shale  floor. 

PITTSBXTROH  COAL. 

• 

20178.  Drift  mine  operated  by  Samuel  Sayre,  locality  1,  sec.  21,  T.  9  N.,  R.  7  W., 
Millwood  Township,  1}  miles  northwest  of  Quaker  City,  Guernsey  County.  Pitts- 
burgh coal;  thickness  averages  about  4  feet.  The  two  shale  partings  in  the  lower 
portion,  so  characteristic  of  the  bed,  are  persistent  in  this  region.  The  other  divisions 
are  less  uniform.  The  sample  was  taken  from  a  fairly  dry  room  at  a  point  350  feet 
east  of  the  mine  mouth.  The  vertical  cover  is  about  70  feet.  This  and  other  small 
mine3  in  the  neighborhood  supply  the  country  demand.  The  bed  was  sampled  by 
D.  Dale  Condit  on  November  20,  1914,  as  described  below. 

Section  of  coal  bed  in  Samuel  Sayre* s  mine. 


20178 


Roof,  day  shale.  Ft.  In. 

Coal,  bony ,  o4 

Coal 9 

"Sulphur' j  -1 

Coal I  1     8 

Shale 1  •* 

Coal '  3{ 

Shale :  •! 

Coal I  11 

Floor  clay.  ' 

'Thicimess  of  bed ■  4     U 

Thickness  of  coal  sampled 3     7j 


o  Not  included  in  sample. 

20187,  20188.  Cochran  No.  2,  a  drift  mine  of  the  Bixler  Ohio  Coal  Co.,  locality  8, 
sec.  31,  T.  8  N.,  R.  6  W.,  Warren  Township,  Belmont  County,  on  the  Baltimore  &  Ohio 
Railroad  at  Baileys  Mills,  3^  miles  southwest  of  Bamesville.  Pittsburgh  coal ;  thick- 
ness about  4  feet.  The  bed  dips  eastward  at  an  an  angle  of  less  than  1^.  In  the  mine 
is  a  sandstone  ''roll "  which  reduces  the  thickness  of  the  coal  in  certain  entries.  The 
output  of  the  mine  is  shipped  to  Columbus  and  other  points  west.  The  coal  was 
measured  and  sampled  at  two  points  by  R.  V.  A.  Mills  on  November  25,  1914,  as 
described  below. 

Sections  of  coal  bed  in  Cochran  No.  2  mine. 


Roof,  clay  or  sandstone. 
Coal 


"Sulphur". 
Coal 


Coal,  impure. 
Bone 


Coal 

"Sulphur". 
Coal. 


Floor,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


o  Not  included  in  sample. 


20187 


Ft.  in. 
9 

2    II 


3 
3 


9 

8 


20188 


Ft.  in 
1    1 
ol 


I 
6 


4    24 
4    1? 


23IS7.  Face  of  m  iin  north  entry,  1  mile  north  of  mine  mouth. 

20188.  Room  6,  ofT  No.  15  west  entry,  three-fourths  mile  north  of  mine  mouth. 

20:330.  Jefferies  wagon  mine,  Temperanceville,  locality  12,  sec.  33,  T.  7  N.,  R. 
6  W.,  Somerset  Township,  Belmont  County,  4  miles  south  of  the  Baltimore  &  Ohio 
Railroad.    Pittsburgh  coal;  thickness  fairly  uniform,  about  3  feet  8  inches.    The 


SUMMARY  OF  ECONOMIC  GEOLOGY. 


45 


thickness  of  the  coal  in  this  mine  variea  only  slightly.  In  the  same  vicinity,  however, 
the  ooal  thins  toward  the  south.  It  is  of  little  if  any  importance  in  the  hills  south  of 
Tempenmceville.  The  bed  was  measured  and  sampled  at  a  point  600  feet  north  of 
the  mine  mouth  by  R.  V.  A.  Kills  on  November  22, 1914,  as  described  below. 

Section  of  coal  bed  in  JefferU^  mine. 


streak. 


Roof,  cUr. 

•Soot" 

foal 

Bone 

C<ti] 

"  >ulrfiur" 

Coal 

r  &jr,  clay. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


20230 


Ft. 

in. 

7* 

ai 

4} 

ai 

I 

7 

1 

«i 

3 
3 

? 

•  S<A  included  in  sample. 

XEIOS  CRZEK  COAL. 

2$ZVL  A  small  mine  on  the  Wiley  Garter  farm,  locality  37,  sec.  33,  T.  8  N.,  R.  8  W., 
^aeca  Township,  Noble  Goimty,  1  mile  north  of  Mount  Ephraim  Station  on  Ohio 
Kiver  A  Western  Railroad.  Meigs  Creek  (Sewickley)  coal.  The  sample  was  cut  in  a 
fairly  dr>'  room  300  feet  west  of  the  mine  mouth.  The  bed  was  measured  and  sampled 
i  y  Frank  Reeves  on  November  26,  1914,  as  described  below. 

Section  of  bed  in  Wil^y  Carter^s  mine. 


^lof.  shale. 

Coal 

•Soot" 

Coal 

•Soot" 

Coal 

Hoor.  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


20235 


Ft. 

in. 

11 

a 

f 

10 

a 

1 

1 

4 

3 

2i 

3 

1 

«  N'ot  included  In  sample. 

ZISM.  A  small  mine  on  the  J.  T.  Moore  farm,  locality  43,  sec.  11,  T.  7  N.,  R.  8  W., 

^Urion  Township,  Noble  County,  1  mile  west  of  Steamtown,  the  nearest  station  on 

h-  Ohio  River  &  Western  Railroad.    Meigs  Creek  (Sewic\ley)  coal.    The  sample 

^1^  ait  at  a  point  4S0  feet  so\ith  of  the  mine  mouth,  where  the  vertical  cover  is  about 

•^'  feet.    The  bed  was  measured  and  sampled  by  Frank  Reeves  on  November  26, 

^14.  as  described  below. 

Section  of  coal  bed  in  J.  T.  Moore^s  mine. 


20240 


HvA.  shale. 


Coal. 
•Soot 


t* 


Coal 

-Ixr,  clay  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


Ft,     in. 
11 

•      i 

2     0 


4 
3 


U 


Not  included  In  sample. 
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20185.  A  email  mine  on  the  G.  W.  Griffin  fann,  locality  61,  sec.  11,  T.  8  N.,  R.  7  W., 
Beaver  Township,  Noble  County,  3  miles  southeast  of  Quaker  City,  the  nearest  \illage 
on  the  Baltimore  &  Ohio  Railroad.  Meigs  Creek  (Sewickley)  coal.  The  roof  of  clay 
shale  is  not  secure.  The  sample  was  cut  at  a  point  350  feet  west  of  the  mine  mouth, 
where  the  vertical  cover  is  about  75  feet.  The  bed  was  measured  and  sampled  by 
D.  Dale  Condit  on  November  22,  1914,  as  described  below. 

Section  of  coal  bed  in  G.  W.  Griffin's  mine. 


«. 

Roof,  clay  shale. 

Coal 

Clay 

Coal , 

Flow,  clay  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


20185 


—  -  — 

Ft. 

in. 

2 

5 

a 

2 

1 

2 

3     9 
3     7 


a  Not  included  in  sample. 

20176.  Thomas  Davy's  drift  mine,  locality  63,  sec.  20,  T.  8  N.,  R.  6  W.,  Warren 
Township,  Belmont  County,  1  mile  southwest  of  Bamesville,  near  the  Baltimore  & 
Ohio  Railroad.  Meigs  Creek  (Sewickley)  coal;  thickness  fairly  imiform,  about  3  feet 
6  inches  in  this  mine,  not  including  the  roof  coal,  which  is  not  minable.  The  coal  ia 
mined  at  several  places  near  Bamesville  for  the  local  market.  The  mine  at  the  point 
of  sampling  was  dry.  The  sample  was  cut  at  a  point  350  feet  southwest  of  the  mine- 
mouth.  The  bed  was  measured  and  sampled  by  D.  Dale  Condit  on  November  20, 
1914,  as  described  below. 

Section  of  coal  bed  in  Thomas  Davy^s  mine. 


20176 


Roof.  clay. 

Coal,  impure. 
Cla5 


uiay. 
Coal. 


Ft. 

a 


Bone 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


in. 
10 

2 

2 

2 


5 
3 


4 
2 


a  Not  included  in  sample. 

20237.  Shipman  Bros.'  small  drift  mine,  on  the  bank  of  Captina  Creek  in  sec.  22, 
T.  5  N.,  R.  4  W.,  Washington  Township,  Belmont  County,  1  mile  north  of  Alledonia, 
a  station  on  the  Ohio  River  &  Western  Railroad.  Meigs  Creek  (Sewickley)  coal; 
thickness  3}  to  4  feet.  The  roof  is  clay  with  irregular  limestone  layers.  The  mine 
has  extended  about  40  feet  from  the  mouth,  and  the  sample  was  taken  at  the  face. 
The  sample  showed  little  evidence  of  weathering.  The  roof  of  clay  and  limestone 
is  not  secure  and  falls  badly  on  weathering.  The  bed  was  measured  and  sampled 
by  D.  Dale  Condit  on  November  26, 1914,  as  described  below. 

Section  of  coal  bed  in  Shipman  Bros.*  mine. 


Roof^  clay  and  limestone. 


20237 


Coal,  bony  cannel. 
Coal 


Clay 

Coal 

Floor,  clay  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled. 


Ft.  in. 

2  1 

a 
1      6 

3~ilJ 

3  11 


0  Not  Included  in  sample. 
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UHIONTOWXr  OOAIi. 

II775.  Prospect  on  Peter  Kemp  farm,  locality  103,  sec.  1,  T.  7  N.,  R.  5  W.,  Goshen 
Townflhip,  Belmont  County,  2  miles  east  of  Hunter  and  5  miles  southeast  of  Bethesda 
the  Dearest  town  on  the  Baltimore  &  Ohio  Railroad.  Uniontown  coal;  thickness 
Tinable;  one  or  more  shale  divisions  that  vary  in  thickness,  and  locally  are  more 
prominent  than  the  coal.  The  roof  ranges  from  sandy  shale  to  sandstone.  The  floor 
» commonly  clay  shale.  The  sample  was  taken  at  a  point  20  feet  from  the  mine 
Douth.  It  was  fairly  dry  and  considerably  weathered.  The  bed  was  measured  and 
impled  by  D.  Dale  Gondit  on  November  21, 1914,  as  described  below. 

Section  of  coal  bed  in  Peter  Kemp's  prospect. 


20775 

S«raiidy  shale. 

Ft,  in. 

2     ^ 

i3»le 

•  I 

Coil 

a 

Stai» 

•  & 

Coal 

7 

noor.cUr  shale. 

TMctnffi»f>fb<»d 

3    ID- 

Thk*irnMH  ni  ecuX  samplfld 

8     4 

•  Not  ineliided  in  sample. 

W$.  A  small  mine  on  the  Charles  Mobley  farm,  locality  113,  sec.  31,  T.  4  N.,. 
L  4  W.,  Adams  Township,  Monroe  County,  2)  miles  east  of  Coats  Station,  the  nearest 
?obt  on  the  Ohio  River  &  Western  Railroad.  Uniontown  coal.  The  foUowing  sec- 
^  ahowB  the  clay  bands  and  bony  streaks  so  prevalent  in  the  Uniontown  coal.  The 
ioiple  was  weathered  and  stained  with  iron  rust.  The  sample  was  cut  at  a  point  40 
fcet  from  the  mine  mouth  by  D.  Dale  Condit  on  November  27,  1914,  as  described 

Section  of  coal  bed  in  Charles  Mobley's  mine. 


l9c/.shal«. 

Coil,  bony  at  top 

."laJe..... 

Cod 

aalt  

Coal..!.'I.'*"I 

■sQr.dsT  shale. 

ThUmessoTbed 

ThfcimMa  of  coal  sampled . 


20259 


Ft. 
1 

in. 

7 

*2« 
•  2 

6 

3 
2 

6 
111 

<  Xot  iodnded  In  sample. 


WAYHESBima  COAL. 


^iSAL  George  Thomas's  drift  mine,  locality  145,  sec.  14,  T.  7  N.,  R.  6  W.,  Somer^ 
Township,  Belmont  County,  2  miles  east  of  Boston  (Atlas  post  office)  and  7  miles 

rJi  of  Bamesville,  the  nearest  town  on  the  Baltimore  &  OMo  Railroad.  Waynes- 
coal;  thickness  averages  about  3  feet.    The  sample  was  cut  in  a  dry  place  200 

St  south  of  the  mine  mouth.  The  bed  was  measured  and  sampled  by  Frank  Reeves 
November  24,  1914,  as  described  below. 
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Section  of  coal  bed  in  George  Thomases  mine. 


Boof,  sandstone. 
Coal. 


20341 


"Sulphur" 

Coal 

"Soot" 

Coal 

Floor,  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled . 


Ft.   in. 

1  0 
02 

10 
al 

11 


3     0 
2     9 


a  Not  included  in  sample. 

20384.  Howard  Brown's  drift  mine,  locality  143,  see.  26,  T.  6  N.,  R.  5  W.,  Wayne 
Township,  Belmont  County,  2  miles  southeast  of  Somerton  and  8  miles  southeast  of 
Barnes ville,  the  nearest  town  on  the  Baltimore  &  Ohio  Railroad.  Waynesburg  coal; 
average  thickness  about  2^  feet.  The  sample  was  cut  in  the  mine  at  a  point  100  feet 
west  of  the  mine  mouth.  Although  generally  less  than  3  feet  thick  and  of  hig^  ash 
content,  this  coal  is  mined  in  a  small  way  at  numerous  places  for  local  use.  The  bed 
was  measured  and  sampled  by  Frank  Reeves  on  November  24,  1914,  as  described 
below. 

Section  of  coal  bed  in  Howard  Brovm's  mine. 


Roof,  shale. 

Coal 

"Sulphur" 

Coal 

"Soot" 

Coal , 

Floor,  clay  shale. 

Thickness  of  bed 

Thickness  of  coal  sampled 


30234 


Ft. 

fn. 

6 

al 

1 

«l 

11 

2 

64 

2 

5 

. 

a  Not  included  in  sample. 

2il74.  J.  D.  Milhoan's  drift  mine,  locality  128,  sec.  7,  T.  7  N.,  R.  5  W.,  Goshen 
Township,  Belmont  County,  li  miles  northeast  of  Hunter  and  5  miles  south  of 
Bethesda,  a  village  on  the  Baltimore  &  Ohio  Railroad.  Waynesburg  coal;  thickness 
fairly  uniform,  about  3  feet  in  this  mine  but  varies  considerably  in  other  openings  of 
the  neighborhood.  The  coal  is  tough  and  somewhat  bony,  and  although  lacking 
visible  clay  bandslias  the  appearance  of  being  of  high  ash  content,  as  is  shown  by  the 
analysis.  The  bed  was  measured  and  sampled  50  feet  south  of  the  mine  mouth  by 
D.  Dale  Condit  on  November  21,  1914,  as  described  below. 

Section  of  coal  bed  in  J.  D.  Milhoan^s  mine. 


Roof,  shale. 

Coal 

Bone 

Coal 

Floor,  shale. 

Thickness  of  l>ed 

Thickness  of  coil  sampled, 


2023«.  Stoffel  mine,  on  the  Nathan  Davis  farm,  sec.  27,  T.  5  N.,  R.  4  W.,  Wash- 
ington Township,  Belmont  County,  1  mile  southwest  of  Alledonia,  a  station  on  the  Ohio 
River  &  Western  Railroad.    Waynesburg  coal;  thickness  in  this  and  neighboring 


20174 

Ft.    in. 

11 

3      2 

3      2 
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sise?  about  2)  feet.  This  coal  is  present  throughout  large  areas  in  similar  thickness. 
k high  ash  content  is  objectionAble,  but  it  is  a  valuable  source  of  fuel  for  local  use. 
fte  bed  ▼»  measured  and  sampled  by  D.  Dale  Condit  on  November  26,  1914,  as 
kioibed  below. 

Section  of  coal  bed  in  Stoffel  mine. 


20236 


BCBTC0»1 

U 

TiLckneas  of  bed 

ThickDess  oteotd  siunpled. 


1 

Ft. 

in. 

4 

a2 

5| 

2 
2 


S 


ivnisdnded  in  sample. 


WASHINGTON  COAL. 


tt38.   S.  A.  Moore's  drift  mine,  extending  about  50  feet  into  the  hill  at  locality 

p,»:  33,  T.  5  N.,  R.  4  W.,  Washington  Township,  Belmont  County,  H  miles  south- 

tof  Alledonia,  a  station  on  the  Ohio  River  &  Western  Railroad.    Washington  coal. 

bed  shows  the  usual  division  into  two  benches  separated  by  clay;  the  upper 

ifl  the  better.     The  section  below  is  representative  of  the  Washington  coal 

out  large  areas.     It  is  mined  to  only  a  slight  extent,  owing  to  its  inferior 

ty,  bettar  coals  being  accessible  in  most  places.    The  sample  was  taken  from  a 

rtxjm  and  showed  little  evidence  of  weathering.    The  bed  was  measured  and 

pled  by  D.  Dale  Condit  on  November  26,  1914,  as  described  below. 


Section  of  coal  bed  in  S.  A.  Moore* s  mine. 


z 


"ilk 


<mj. 


^,  b«oT  in  lower  part. 

GiT ..      . 

ui ::*::::: 


Tlkkne^  of  bed. 

.UJmess  of  ooal  sampled . 


20238 


Ft. 

m. 

aZ 

2 

I 

as 

11 

3 

11 

3 

0 

ns  iadoded  is  nntpla. 


UMB  STONE. 


I))e  Woodsfield  and  Suromerfield  quadrangles  are  more  abundantly 

ded  with  limestone  than  almost  any  other  part  of  southeastern 

The  beds  are  distributed  at  varying  intervals  through  all  the 

opping  formations,  thus  affording  a  more  or  less  convenient 

h  for  every  township  in  the  area.     The  extent  and  accessibility 

hbed  are  set  forth  in  the  description  of  the  respective  townships. 

Im  of  limestone. — ^The  limestone  beds   are,   with  one  or  two 

ptioDs,  not  suitable  for  the  manufacture  of  Portland  cement, 

magnesian.     By  far  the  most  important  use  to  which  they 

l>e  put  is  in  the  surfacing  of  the  roads.     Few  regions  are  so  f avor- 

!F  situated  with  reference  to  a  convenient  supply  of  such  material, 

it  is  to  be  hoped  that  this  opportunity  for  inexpensive  construc- 

97812—23 4 
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tion  of  good  roads  wiU  be  used  to  a  great  extent  in  the  future.  Go 
roads  are  of  especial  importance  for  the  economic  development  ol 
region  such  as  that  comprising  Behnont,  Monroe,  and  Noble  countii 
where  much  of  the  hilly  country  is  far  from  a  railroad  and  some  oi 
still  further  isolated  on  account  of  rough  topography. 

Most  of  the  limestone  beds  have  a  composition  that  makes  ih 
well  suited  for  agricultural  use.  Tliis  is  especially  true  of  the  An 
and  Cambridge  fossiliferous  limestones,  which  appear  in  outcrop 
the  Sunmnerfield  quadrangle  and  are  represented  on  Plate  XII.  1 
Cambridge  is  4  feet  thick  at  Senecaville  and  at  certain  points  w 
of  Lore  City.  The  Ames  is  persistently  1  to  2  feet  thick.  A  sin 
analysis  of  a  sample  of  the  Ames  limestone  obtained  near  SenecaV 
is  given  below.  It  is  noteworthy  that  the  rock  contains  a  sn 
amount  of  tricalcium  phosphate. 


Analyfif  cf  Ama  Uwteuont/rom  pouU  near  StfheeatiUe. 

SiO, ', 12.72 

AljOj  inc  1  Utied  a \  out  0.5  per  cent  Fe,0,  and  any  titanium  present)    4. 20 

MgO 21 

CaiO, 79.10 

FaO* 48 

96.71 
Lose  oc  igniiion,  36  SS  ptr  c«it-  • 

The  most  valuable  limestone  beds  oocor  in  the  uppier  part  of 
Conemaugh  formation  and  the  lower  two-thirds  of  the  Monongal 
formation.  They  are  designated  in  the  goieralized  section  (fig 
p.  16>.  the  Lower  Pittsbuigh.  Upper  Pittsbuigfa,  Fishpot,  and  I 
wood  limestones. 

Lower  Pitishjirph  arid  rj*i»er  PitUivrgk  limestones. — Inmiedia 
below  the  Pittsbui^h  coal  is  the  Upper  Pit  tsbmgfa  limestone,  and  al 
35  feet  below  that  is  the  Lower  Pittsbuigh  limestone.  The  Lq 
Pittsburgh  is  the  thicker  of  the  two,  being  3  to  5  feet  thick  througl 
its  outorop  in  the  ai^Mu  It  ordinarily  consists  of  several  beds,  i 
as  are  illustrated  in  Plate  II,  and  whoa  seen  dose  at  hand  shows 
pebWy  surface  also  illustrated  in  the  xiew.  Tlie  texture  is  ai 
phous  or  nearly  so,  and  the  roci,  as  its  appearance  would  indi< 
is  a  fairly  pure  limestone  containing  httle  magnesia,  iron,  or  alum 
Two  an?»lys!es  of  the  rock  are  given  below: 


Mills.       ^ 


.IL»V»  ,,..  -.. .         .         ..         -■        . .... 


i.Os>  a:   u'«ft*i\i    4C  ^-  r#i*  vX*!  ;, 


2.83 
LOS 

94.20 

96.95 
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The  purity  of  the  Lower  Pittsburgh  limestone  suggests  that  it  would 
find  a  good  use  in  the  manufacture  of  building  lime.  Being  low  in 
magnesia  it  may  also  be  of  value  in  the  manufacture  of  Portland 
cement,  especially  when  mined  and  combined  with  a  calcareous  clay 
that  is  commonly  found  below  it. 

Fishpot  limestone, — The  Fishpot  limestone  lies  beneath  the  Lower 
Meigs  Creek  coal.  It  is  nearly  as  abimdant  as  the  Lower  Pittsburgh 
limestone,  being  3  to  6  feet  thick  throughout  nearly  all  of  its  outcrop 
in  the  area  and  locally  as  much  as  13  feet  thick,  as  described  below. 
The  upper  beds  are  as  a  rule  of  gray  color  and  purer  than  the  lower 
beds,  which  are  commonly  buff  and  not  so  resistant  to  weathering. 
At  the  Maldine  farm,  1  mile  north  of  Barnesville,  immediately 
beneath  the  Lower  Meigs  Creek  coal  is  7^  feet  of  hard  |blue  or 
?ray  limestone  with  a  small  amount  of  shale  (sample  1  in  the  table 
below).  Next  lower  is  6  feet  of  buff  or  gray  limestone  (sample  2). 
The  following  analyses  of  this  limestone  are  given  in  a  report  of 
the  Geological  Survey  of  Ohio.*^ 

Analyses  of  FUhpot  litnesione  from  Maldine  farm  ^  near  Barntsville. 

18.  V.  Peppel,  analyst  .J 


1   ; 

1 

2 

•a^ 

14  06  ' 

4.33  ' 

1.13  , 

66.31 

12.71  ' 

ir>.  10 

Aliirina 

.5.74 

•';  jf  of  iron 

2.28 

'  '^Mnate  of  calcium 

51  25 

1  ^'hottatA  nf  nuM?ne'^iiivTi - , 

23  02 

98.54 

9S.39 

Bthwood  limestone, — The  Benwood  includes  numerous  beds  of 
limestone  lying  above  the  Meigs  Creek  coal  and  having  a  combined 
thickness  of  about  70  feet.  The  beds  vary  considerably  in  thickness 
md  composition  and  are  interbedded  with  strata  that  are  more 
properly  termed  calcareous  shale  than  limestone.  The  appearance 
of  some  of  the  beds  is  illustrated  by  Plate  X,  B,  Another  bed  illus- 
trated in  Plate  III,  -B,  has  a  most  peculiar  aspect,  resembling  flint 
clay  in  texture  and  presenting  everywhere  on  the  outcrop  a  peculiar 
blocky  surface  as  shown  in  the  view.  This  layer  is  persistent  and 
has  a  thickness  of  about  4  feet  in  nearly  all  of  Belmont  County. 
It  lies  15  to  20  feet  above  the  Meigs  Creek  coal.  Its  composition,  as 
^liown  by  the  analysis  of  a  sample  taken  at  a  point  on  Captina  Creek 
near  the  east  edge  of  the  area,  indicates  that  it  should  be  called 
%  calcareous  magnesian  clay. 

-Orton,  Edward,  jr.,  and  Peppel,  S.  V.,  The  lime  re-ources  and  the  lime  indiLstry  in  Ohio:  Ohio  Ceo  1. 
^ev  Ban.  4,  4th  aer.,  pp.  41-42,  I90R. 
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Sample  1 


Analysis  of  clay  bed  above  Meigs  Creek  coal  on  Captina  Creek, 

RiOa 25.70 

AlgOj  (includes  FejO,,  PjOj,  and  any  titanium  present) 14. 3S 

MgCO, 21.47 

CaCOa 31.79 

Loas  on  i^jnition  2S.11  per  rent.  93. 34 

« 

Samples  of  the  entire  Benwood  limestone  member  have  been 
collected  by  the  Geological  Survey  of  Ohio  at  Armstrongs  Mills, 
Belmont  County.  The  analyses  show  the  limestone  to  be  of 
magnesian  character,  the  percentage  of  magnesia  ranging  from  about 
13  to  17." 

The  section  and  analyses  are  given  below. 

Section  o/liniestane  strata  sampled  at  Armstrongs  IfiUs, 

Sandstone.  Ft.  in. 

Shale  interstratified  with  about  one-fourth  limestone. .  47 

Limestone  (roof) 3 

'Shale,  hard  and  calcareous , 2    6 

Blue  limestone,  not  very  hard 1 

vBlue  limestone,  hard 3 

Shale 1 

Limestone,  impure  and  shaly 4 

Blue  limestone,  hard ^ 5 

Shale 6 

Blue  limestone 1 

Shale 9 

.Limestone 1 

Green  shale 4 

Gray  limestone 3 

Shale 6 

Buff  limestone 4 

Brown  limestone,  shaly 1 

Dark-gray  limestone 1 

Blue  shale 1 

Gray  limestone 2    6 

Blue  limestone 1    6 

Dirty  limestone,  hard,  but  laminated 6 

Light-brown  limestone 2 

Brown  limestone 3 

Blue  limestone 6 

Dark-brown  slaty  limestone 1 

.Soft  slate : 1 

Coal,  Meigs  Creek 4 

Interval,  containing  shale  with  a  little  sandstone 23 

Limestone  (roof) 2 

Sample  5. .  -Blue  limestone,  hard,  in  four  courses 8 

'Hard  fine-grained  shale,  bleaching  to  a  light  color  on 

outcrop 

Hard,  fine-grained  shale,  very  dark  color 


Sample  2. 


Sample  3..< 


Sample  A..< 


Sample  6. 


u  Ohio  Qeol.  Survey  BuU.  4,  4th  ser.,  p.  43, 1906. 


Sample  7 


SUMMARY  OF  ECONOMIC  GEOLOGY. 

Blue  limestone 4 

Shale,  brown  in  part 1 

Blue  limestone ' 3    6 
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Thus  it  is  seen  that  for  about  50  feet  above  and  below  the  Meigs 
Creek  coal,  the  strata  are  predominantly  calcareous.  Whether  a 
different  grouping  of  the  members  would  have  made  a  materially 
different  or  better  showing  of  the  character  of  the  materials  is  of 
course  open  to  conjecture. 

Analyses  of  limestone  from  Armstrongs  Mills. 
[8.  V.  Peppel,  analyst.] 


1 

2 

3 

4 

6 

6 

7 

Nlica 

29.16 

8.43 

2.69 

44.23 

13.56 

25.88 

7.06 

1.84 

47,70 

15.84 

17.10 

4.90 

1.24 

68.03 

16.87 

25.46 
10.11 
1.25 
45.40 
15.63 

10.20 

2.41 

1.13 

73.67 

12.10 

26.10 

0.64 

1.30 

45.70 

15.45 

17.02 

^li^mtna 

4.56 

otide  of  iron 

1.74 

Carhoi^tfi  of  nlciiixn   -  ^  T ,..,.... 

50.78 

Pjirhniiiiitff  qI  magnestiim 

15.08 

08.07 

08.32 

09.04 

07.75 

00.50 

08.10 

00.08 

The  pTOportioxis  of  lime  and  magnesia  versus  silica  and  alumina  fluctuate  recipro- 
cally with  the  inclusion  of  more  or  less  of  the  shaly  strata,  but  in  the  case  of  sample 
0,  which  contains  no  shale,  the  character  of  the  limestone  is  clearly  shown  to  have  no 
field  of  usefulness  in  either  white  lime  or  Portland  cement  manufacture,  though  it 
might  be  of  value  for  agricultural  purposes.  That  it  could  be  used  for  the  Roman 
or  natural  cement  is  beyond  doubt.  Also  other  sections  in  the  locality  can  undoubt- 
edly be  found  in  which  limestone  of  good  quality  for  Roman  cement  can  be  obtained, 
by  exclusion  of  the  shale  intercalated  with  the  stone  beds.  The  introduction  of  the 
Roman  cement  industry  into  this  section  is,  however,  a  question  of  economics  rather 
than  of  mineral  resources. 

The  iDformation  at  hand  indicates  that  the  uses  to  which  the 
limestones  of  the  Monongahela  formation  may  be  put  are  few.  None 
of  the  beds  can  be  of  much  use  for  building.  Most  of  the  rock  when 
burned  for  lime  gives  an  undesirable  gray  color.  The  material 
does  not  seem  promising  for  use  in  the  manufacture  of  Portland 
cement.  Hydraulic  lime  and  Roman  cement  were  at  one  time 
manufactiired  at  Bamesville.  These  products  are  inferior  to  Port- 
land cement  for  many  purposes  but  are  serviceable  for  foundations 
and  rough  stone  masonry. 

BUILDING  STONE. 

The  only  rock  in  this  area  of  any  value  for  building  is  sandstone. 
The  principal  sandstone  members  are  in  ascending  order  the  one 
between  the  Lower  Meigs  Creek  and  Meigs  Creek  coals,  the  sand- 
stone over  the  Uniontown  coal,  correlated  with  the  Gilboy  sand- 
stone of  the  West  Virginia  Geological  Survey,  and  the  sandstone 
over  the  Waynesburg  ^'A''  coal,  correlated  with  the  Mannington 
sandstone  of  the  West  Virginia  Survey.     All  these  sandstones  occur 
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localh'  in  massive  form  and  present  numerous  exposures  suitable 
for  quarrying.  The  rock  is  as  a  rule  too  friable  to  be  regarded  as 
superior  material  for  building  and  on  weathering  readily  wears  away. 
The  texture  in  massive  exposures  is  fairly  coarse,  and  the  rock  is  as 
a  rule  a  freestone  well  suited  to  easy  quarrying.  In  the  finer- 
textured  sandstones  the  bedding  is  so  commonly  irregular  or  the 
lamination  so  pronounced  that  the  rock  shows  a  too  ready  tendency 
to  break  along  the  bedding. 

The  sandstone  that  has  been  most  extensively  quarried  is  the  bed 
over  the  Waynesburg  '^A''  coal  along  Standings  tone  Run  near 
Woodsfield.  The  sandstone  over  the  Uniontown  coal  has  been  used 
near  Miltonsburg  in  the  construction  of  a  church.  (See  PI.  X,  A.) 
Descriptions  of  these  and  other  localities  are  given  under  the  respec- 
tive township  headings. 

CLA7  AND  SHALE. 

Both  clay  and  shale  are  present  in  great  quantity  in  this  area. 
So  far  as  known  they  have  not  been  utilized  in  the  ceramic  industry. 
It  is  certain,  however,  that  material  suitable  for  the  manufacture 
of  bricks  and  paving  blocks  can  be  obtained  in  almost  any  part  of 
the  area. 

Numerous  outcrops  of  the  Washington  formation  near  Woods- 
field  show  clay  that  may  upon  investigation  be  found  suitable  for 
the  manufacture  of  refractory  wares.  Two  beds  of  clay  were  ob- 
served, one  about  20  feet  above  and  the  other  inmiediately  below 
the  Washington  coal.  They  are  of  greenish-gray  or  gray  color  tod 
apparently  contain  little  lime  or  iron. 

The  alluvial  silt  so  plentiful  along  Seneca  Fork  and  other  branches 
of  Wills  Creek  will  probably  be  found  upon  investigation  to  be  suited 
to  the  manufacture  of  brick.  The  material  varies  in  texture,  being 
almost  a  clay  in  some  places  and  of  sandy  composition  in  others. 
No  attempt  has  been  made  to  use  such  material  in  this  area,  but 
it  has  been  successfully  used  in  a  small  way  at  the  village  of  Cum* 
berland,  near  the  center  of  the  Cumberland  quadrangle,  to  the  west. 

WATER  BESOUItCES. 

Tlio  Woodsfield  and  Summerfield  quadrangles  contain  no  streams 
of  large  size.  The  largest  are  Captina  and  Sunfish  creeks  and  their 
branches  and  Leatherwood  Creek,  Seneca  Fork,  and  other  tribu- 
taries of  Wills  Creek,  all  of  which  rise  near  the  center  of  the  area. 
The  volume  of  even  the  largest  streams  is  too  small  to  make  them 
of  much  value  for  power.  In  dry  seasons  they  are  reduced  to  mere 
trickles  or  water  holes.  It  is  probable  that  with  the  growth  of 
communities  in  this  area  it  will  become  more  and  more  necessary 
to  construct  reservoirs  for  the  storage  of  water. 
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Both  Bamesville  and  Woodsfield  obtain  their  water  supply  from 
springs.  The  flow  is  caught  in  reservoirs  and  pumped  to  tanks  on 
kOltops  within  the  towns.  The  supply  of  Woodsfield  is  obtained 
hm  a  ravine  2  miles  north  of  the  town  and  about  200  feet  lower, 
fom  which  it  is  pumped  to  a  tank  on  a  high  hill  at  the  north  side 
C'f  the  town  and  100  feet  higher  thus  giving  a  good  head. 

The  water  supply  of  the  fanning  communities  is  derived  largely 
from  springs,  which  are  numerous  and  for  the  most  part  persistent 
«Ten  in  periods  of  drought.  The  springs  were  chosen  as  convenient 
iome  sites  by  the  early  settlers,  and  therefore  nearly  every  farm 
liOQse  except  those  on  the  ridges  has  its  spring  close  at  hand, 
i  In  diggiiig  or  drilling  water  wells  in  the  vallejs  it  is  rarely  necessary 
ito  go  deeper  than  10  or  20  feet  in  order  to  obtain  a  good  supply. 
^  few  wells  penetrate  to  a  considerable  depth  in  bedrock.  A  well 
filled  near  the  station  at  Lore  City  obtains  a  sulphurous  water  in 
uack  shale  at  a  depth  of  about  60  feet.  In  the  valley  near  Hall 
School,  1  mile  southwest  of  Quaker  City,  a  supply  of  excellent  water 
ii  obtained  at  several  farmhouses  by  digging  to  the  Ames  limestone, 

ch  is  found  at  depths  ranging  from  10  to  30  feet.    The  sandstone 
other  strata  almost  without  exception  contain  salty  water  where 

ountered  at  a  depth  of  75  feet  or  more  in  the  valleys,  thus  fur- 
evidence  as  to  the  shallow  depth  of  circulation  of  ground 
feters. 

^ater  in  quantity  sufficient  for  domestic  use  can  be  obtained  at 
erate  depth  on  almost  any  of  the  ridges.  It  is  usually  asso- 
i&ted  with  a  coal  or  limestone  bed  or  occurs  in  a  sandstone  underlain 
jr  clay.    It  is  exceptional  to  find  on  the  ridges  a  well  as  deep  as  75 

t,  and  the  greater  number  are  50  feet  or  less  in  depth. 

GEOLOGY  BY  TOWNSHIPS. 

GUERNSEY  COUNTY. 

HILLWOOB  TOWNSHIP. 

LOCATION  AND   SURFACE   FEATURES. 

iliUwood  Township  lies  at  the  east  side  of  Guernsey  County, 

jacent    to    Warren   Township,    Belmont   County.     Leatherwood 

ek,  which  heads  in  Warren  Township  near  Bamesville,  flows 

tward  across  Millwood  in  a  direct  route  to  Cambridge  and  its 

ley  is  utilized  by  the  Baltimore  &  Ohio  Railroad.    Quaker  City 

d  Salesville  are  the  principal  villages.    Baileys  Mills,  a  coal-mining 

mmunity  at  the  Belmont  County  line,  is  rapidly  increasing  in 

tee.   The  number  of  inhabitants  in  the  township  in  1920  was  1,742, 

<1  in  Quaker  City,  the  largest  village,  732. 
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The  surface  of  Millwood  Township  is  more  nigged  than  that 
areas  to  the  east  or  west.  Its  hilltops  agree  in  elevation  with  th< 
of  the  highlands  to  the  east,  along  the  divide  separating  the  wat 
of  the  eastward-flowing  Captina  Creek  from  those  of  streams  tl 
flow  westward  into  Tuscarawas  River.  The  surface  is,  howev 
dissected  by  deep  valleys  with  numerous  tributary  ravines.  Leath 
wood  Creek  is  joined  by  a  number  of  creeks  from  the  north  wh 
are  longer  and  larger  and  more  numerous  than  those  from  the  sou 
The  elevation  of  the  principal  valleys  ranges  from  840  to  900  f 
above  sea  level,  and  that  of  the  ridges  from  1,150  to  slightly  mi 
than  1,300  feet. 

OSOLOOIC   SECTION. 

The  Pittsburgh  coal  bed  is  the  principal  geologic  horizon  marl 
in  Millwood  Township,  and  the  name  is  a  household  term  because 
the  extent  to  which  the  bed  has  been  mined  by  the  farmers. 
Quaker  City  it  lies  about  205  feet  above  the  railroad,  or  1,080  i 
above  sea  level,  but  it  gradually  descends  eastward  to  1,030  feet 
Baileys  Mills.  Another  coal  bed  about  100  feet  higher,  the  Me 
Creek,  is  seen  in  the  hills  in  the  east  side  of  the  township  north 
the  railroad. 

From  Spencers  Station  westward  along  the  valley  the  Ai 
(''Crinoidal")  limestone,  with  its  abimdant  fossil  shells,  appears 
outcrop.  In  the  railroad  embankment  at  the  east  side  of  Qua 
City  it  is  a  few  feet  above  the  railroad  track,  and  2  miles  west,  in 
vicinity  of  Salesville,  it  crops  out  along  the  sides  of  the  hills  40  I 
above  the  railroad.  It  is  a  single  brownish-gray  layer  about  2  i 
thick  and  can  not  be  mistaken,  because  of  its  fossil-scarred  surf 
and  the  absence  of  other  limestone  beds  in  this  part  of  the  geolc 
section.  Below  the  Ames  limestone  is  clay  or  shale  of  olive-gr 
and  brownish-red  to  chocolate  color,  with  scattered  nodules  of  lij 
stone  and  "ironstone"  concretions.  The  strata  above  the  Ames 
about  50  feet  consist  of  sandy  shale  and  thin-bedded  sandstone,  wh 
are  in  turn  o%'erIain  by  alternating  beds  of  clay  and  shale  of  variega 
color  and  sandv  beds. 

The  interval  between  the  Ames  limestone  and  Pittsburgh  coa 
about  188  feet.  In  the  upper  part  of  the  interval,  about  25  i 
below  the  Pittsburgh  coal,  is  the  Lower  Pittsburgh  limestone 
mottled  ochreous-yellow  and  gray  rock  about  4  feet  thick.  A  ] 
prominent  bed,  the  Upper  Pittsburgh  limestone,  lies  immediat 
beneath  the  coal. 

The  strata  in  the  interval  of  100  feet  between  the  Pittsburgh  i 
Meigs  Creek  coal  beds  consist  largely  of  sandstone  or  sandy  sli 
with  two  or  three  prominent  limestone  beds.  Sandstone  commo 
'^ocurs  a  little  above  or  in  contact  with  the  Pittsburgh  coal  and  « 
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about  80  feet  above.  This  upper  sandstone  member  in  its  most 
prominent  development  in  the  hills  north  and  east  of  Quaker  City  is 
a  massive  bed  30  to  40  feet  thick  which  extends  above  the  usual 
position  of  the  Meigs  Creek  coal.  In  such  areas  that  bed  is  of  little 
value  and  where  present  consists  of  an  impure  shaly  coal  125  to  140 
feet  above  the  Pittsburgh  coal  and  resting  on  the  sandy  beds. 

STRTJCTURE. 

There  is  little  regularity  in  the  direction  of  dip  of  the  beds  in 
Millwood  Township.  In  general  it  is  southward,  but  there  are  local 
flexures  that  produce  considerable  variation.  The  rate  of  dip  also 
varies,  ranging  from  only  a  few  feet  to  40  feet  in  a  mile.  The  rocks, 
as  shown  by  the  contour  map  (PL  XII,  in  pocket)  have  the  greatest 
dip  east  of  Spencers  Station,  northwestward  to  Quaker  City  and 
beyond  they  lie  nearly  flat.  At  the  east  side  of  the  township  the 
rocks  rise  in  a  true  anticlinal  fold  within  which  is  the  Bamesville  oil 
and  gas  pool. 

HTNERAL  RESOURCES. 

COAL. 
PITTSBUROH   COAL. 

The  Pittsburgh  coal  lies  well  up  in  the  long,  narrow  ridge  of 
Millwood  Township  150  to  200  feet  above  the  valley  and  therefore 
will  not  be  in  great  demand  for  exploitation  in  a  commercial  way 
except  possibly  in  the  eastern  part  of  the  township.  The  coal, 
although  of  fair  thickness,  is  higher  in  sulphur  and  ash  than  the 
same  bed  where  mined  to  the  east  along  Ohio  River  and  is  therefore 
less  desirable  for  certain  purposes.  Its  chemical  properties  and 
heating  value  hav^  been  determined  from  samples  taken  in  the  Sayre 
mine,  1 J  miles  northwest  of  Quaker  City  (locality  1,  sample  20178), 
and  in  the  Cochran  No.  2  mine,  at  Baileys  Mills  (locality  8,  samples 
20187,  20188).  The  results  are  tabulated  on  page  39. '  The  thickness 
of  the  bed  at  these  localities  is  shown  by  sections  on  Plate  V. 

In  the  vicinity  of  Baileys  Mills  and  also  farther  west,  near  Quaker 
City,  sandstone  or  clay  ''horses^'  locally  reduce  the  thickness  of  the 
coaJ  and  give  considerable  trouble  in  mining.  Where  the  coal  is 
inimediately  overlain  by  sandstone  the  quality  of  the  coal  is  noticeably 
poorer,  there  being  an  increased  amoimt  of  ''sulphiu:*'  and  bony  im- 
purities, especially  in  the  upper  portion  of  the  bed. 

In  the  hills  south  of  Spencers  Station  mines  have  been  opened  in 
a  namber  of  places,  and  the  thickness  of  the  bed  is  similar  to  that 
found  on  the  north  side  of  Leatherwood  Valley.  To  the  west,  how- 
ever, opposite  Quaker  City  (locality  2),  the  bed  thins  from  4  feet  to  a 
few  inches  within  a  distance  of  half  a  mile.     The  bed  is  of  doubtful 
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value  in  the  hill  above  Hall  School,  but  to  the  northeast,  across  the 
ridge  locality  3) ,  it  has  a  good  thickness  and  has  been  mined  for  many 
years.  Although  geologically  due  in  sees.  25  and  31,  the  coal  is  repre- 
sented there  by  only  a  faint  carbonaceous  streak. 


MEI08  CREEK  COAL. 


The  Meigs  Creek  coal,  so  far  as  known,  has  not  been  mined  in  Mill- 
wood Township.  Its  thickness  near  the  east  township  line  is  2  to 
3  feet  for  2i  miles  north  of  Baileys  Mills  and  becomes  increasingly 
greater  nearer  Bamesville,  where  the  coal  has  been  mined  at  several 
places.  In  the  northeast  comer  of  the  township  the  coal  is  impure 
and  deserves  the  name  of  bone  rather  than  coal  where  seen  in  road- 
side outcrops  at  several  places  on  the  east-west  ridge  road.  The 
bed  lies  in  sandy  shale  above  a  thick  sandstone,  and  its  position  is 
about  135  feet  above  the  Pittsburgh  coal. 

The  record  of  a  well  drilled  on  the  J.  K.  Rose  farm,  1  mile  north  of 
Salesville,  is  of  interest  on  account  of  the  several  coal  beds  recorded. 
Their  thicknesses  as  given  must  of  course  be  regarded  as  rough  approxi- 
mations. The  Upper  Freeport  coal,  which  should  appear  about  255 
feet  below  the  Ames  limestone,  is  missing.  Of  the  lower  coal  beds 
recorded,  the  first  two  may  be  the  Lower  Kittanning  and  the  Garion. 

Log  of  well  drilled  for  oil  on  J.  K.  Rosefarm,  1  mile  north  of  Salesville. 
[Well  bead  25  feet  below  Ames  limestoae  and  215  feet  below  Pittsbun^b  coal.    Well  nonproductive.] 
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LIMB8T0KE  AKD  SANDSTONE. 

The  Ames  limestone  appears  in  outcrop  along  the  sides  of  Leather- 
wood  Valley  at  Spencers  Station  and  westward.  Although  2  feet 
or  less  in  thickness,  the  rock  has  been  used  for  road  metal  where  it  is 
easily  accessible.  This  rock,  together  with  the  limestone  below  the 
Pittsburgh  coal,  has  been  used  in  the  construction  of  a  pike  between 
Salesville  and  Quaker  City  and  also  southward  from  Quaker  City 
toward  Batesville. 


RICHLAND  TOWNSHIP. 
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The  most  valuable  beds  are  the  Upper  Pittsburgh  and  Lower  Pitts- 
burgh limestones,  which  lie  1  and  24  feet  respectively  below  the 
Pittsburgh  coal.  The  lower  bed  is  the  thicker,  being  3  feet  thick  in 
Millwood  To^wnsbip  and  increasing  southward  to  5  feet  or  more  in 
adjoining  areas.  The  rock  is  brownish  gray  to  nearly  white  and  of 
suitable  composition  for  making  lime  for  use  in  agriculture. 

A  massive  coarse-grained  bed  of  sandstone  25  to  40  feet  thick  is 
e(xispicuous  north  and  east  of  Quaker  City  to  the  township  line.  It 
lies  about  75  feet  abov^  the  Pittsburgh  coal,  near  the  hilltops.  The 
rock  has  been  quarried  in  a  small  way  at  numerous  places  for  founda- 
tions, and  years,  ago  was  taken  out  near  Bamesville  for  railroad  bal- 
last. It  is  apparently  sufficiently  durable  to  have  prospective  value 
as  a  building  stone,  and  favorable  quarry  sites  can  be  f oimd  in  almost 
every  ravine. 

Other  sandstone  beds  of  finer  texture  and  not  so  massive  are  found 
25  to  100  feet  above  the  Ames  limestone.  The  rock  is  in  beds  1  to  3 
feet  thick,  with  even  horizontal  partings  that  give  it  a  flaggy  char- 
leter. 

BICHLAND  TOWNSHIP. 

Richland  Township,  in  addition  to  being  rich  agriculturally^  as  its 
lame  implies,  is  an  important  mining  region,  commercial  mines  being 
B operation  at  SenecaviUe  and  Blacktop.  The  main  line  of  the  Balti- 
more &  Ohio  Railroad  crosses  its  northeast  corner,  and  a  branch 
ettends  from  Ix)re  City  southward  across  the  township  to  SenecaviUe 
md  other  places  to  the  west.  The  population  of  SenecaviUe  in  1920 
ns  947  and  of  Lore  City,  part  of  which  is  in  this  township,  784. 
lie  total  number  of  inhabitants  in  the  township  is  given  at  2,322. 

SURFACE    FEATURES. 

Both  Leatherwood  Creek  and  Seneca  Fork,  the  principal  streams 
have  broad  bottoms  in  which  they  flow  in  meandering  courses.  The 
Seneca  Fork  valley  is  along  much  of  its  course,  half  a  mile  or  more 
Hide,  but  for  a  short  distance  in  the  vicinity  of  SenecaviUe  it  is  con- 
itricted  by  a  thick  layer  of  sandstone  that  forms  the  valley  walls. 
The  gradient  of  the  valley  downstream  from  SenecaviUe  is  about 
3 feet  to  the  mile,  and  that  of  the  stream  channel  along  its  complicated 
meanders  probably  less  than  1  foot  to  the  mile. 

The  elevation  of  Seneca  Valley  at  the  southwest  side  of  the  town- 
ship is  about  800  feet  above  sea  level.  The  neighboring  hills  rise  100 
to  200  feet  above  the  valley,  and  a  few  isolated  summits  rise  slightly 
Diore  than  300  feet.  Eastward  there  is  an  increasing  number  of  high 
iills,  and  near  the  township  line  east  of  Fairview  School  the  general 
elevation  along  the  ridges  is  from  1,100  to  about  1,250  feet  above 

sea  level. 
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GEOLOGIC  SECTION. 

The  strata  that  crop  out  in  Richland  Township  for  the  most  pa 
belong  to  the  Conemaugh  formation.  The  higher  hills  in  the  easte 
part  of  the  area  consist  of  basal  beds  of  the  overlying  Monongalia 
formation.  There  are  no  coal  beds  of  more  than  local  importaiK 
and  the  rocks  for  the  most  part  consist  of  sandy  shale,  brownish-r 
clay,  sandstone,  and  thin  beds  of  limestone.  The  Upper  Freepc 
coal,  mined  by  shafting,  is  100  feet  or  more  below  the  bottoms  of  tl 
valleys. 

The  Cambridge  limestone  crops  out  along  the  valley  of  Leatherwo 
Creek.  At  Blacktop  its  position  is  about  60  feet  above  the  vall< 
or  877  feet  above  sea  level.  In  this  vicinity  the  bed  is  about  3  U 
thick  and  consists  of  one  layer.  The  freshly  broken  rock  is  bluii 
gray  and  smooth  textured.  Fossil  shells  are  abundant,  the  vii 
characteristic  one  being  a  form  called  Chonetes  vemeuUanus, 
Lore  City  the  limestone  is  less  prominent,  being  an  impure  yellow; 
nodular  rock,  but  the  fossils  are  as  abundant  as  elsewhere.  1 
Cambridge  limestone  is  most  prominent  at  Senecaville,  where  it 
4  feet  thick.  It  may  be  seen  near  the  railroad  station  and  also  at  i 
abandoned  shaft  a  few  hundred  yards  north,  where  the  bed  is  1 
feet  above  the  Upper  Freeport  coal.  Westward,  down  Seneca  Fo 
the  bed  is  only  slightly  thinner,  but  to  the  north,  along  Soggy  Ri 
it  loses  its  prominent  character  and  consists  of  limestone  nodu 
that  are  seldom  seen  in  good  exposure.  The  position  of  the  bed 
everywhere  indicated  by  the  Anderson  coal,  10  feet  higher. 

The  Ames  limestone,  although  nowhere  as  thick  as  the  Cambrid 
is  remarkably  persistent  and  appears  as  a  single  bed  1  to  2  feet  th 
throughout  the  region.  As  shown  in  the  general  section,  it  lies  abi 
110  feet  above  the  Cambridge  limestone;  therefore  the  extent  of 
outcrop,  as  represented  on  the  map  (PL  XII,  in  pocket),  is  n\\ 
greater.  Being  so  easily  recognized,  it  is  useful  in  determining 
geologic  structure — that  is,  the  direction  and  rate  of  dip  of  the  roc 
The  contours  on  the  structural  map  (PI.  XII  )  are  drawn  from  h 
dreds  of  elevations  obtained  on  the  Ames  limestone  and  other  ] 
strata. 

The  succession  of  strata  below  the  surface  at  Gibson  is  shown 
the  following  excellent  well  record,  furnished  by  John  Shane, 
driller.    The  well  head  is  77  feet  below  the  Ames  limestone, 
coal  at  a  depth  of  123  feet  is  probably  the  Brush  Creek,  and  thai 
262  feet  is  probably  the  Middle  Kittanning. 


EICHIAND  TOWNSHIP. 
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Log  of  well  No.  65  on  Z.  Tennant/arm  at  Gibson. 
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The  dip  of  tlie  strata  in  Richland  Township  is  in  general  southeast, 
there  are  numerous  local  cross  flexures  or  folds  that  cause  varia- 
■*  in  the  direction  of  dip  and  produce  synclinal  ^'embayments" 
i  anticlinal  "noses."  The  most  unusual  structural  feature  is  the 
fression  at  the  east  side  of  Lore  City.  The  evidence  upon  which 
b  mapped  consists  of  elevations  of  the  Cambridge  limestone.  That 
i  Is  S46  feet  above  sea  level  at  the  road  forks  half  a  mile  north  of 
village,  847  feet  on  the  main  street  700  feet  south  of  the  railroad, 
i  >02  feet  on  the  railroad  half  a  mile  east  of  the  station.  In  ad- 
f^nt  hills  to  the  north  and  south  of  this  place  the  limestone  lies 
50  feet  higher. 

MINERAL   RESOURCES. 

Among  the  mineral  products  of  Richland  Township  are  oil  and 
I  coal,  limestone,  and  sandstone.  Oil  has  been  found  in  small 
intities,  and  most  of  it  comes  from  the  Mahoning  sandstone,  over- 
i?  the  Upper  Freeport  coal.     In  fact,  that  bed  is  saturated  with 

I  which  runs  into  some  of  the  mine  workings  and  has  been  pumped 

f^  Sold  as  crude  oil.     In  other  places  the  sand  contains  little  oil 

tJ  a  large  amount  of  salty  water- 
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COAL. 

UPPER   FREEPORT  COAL. 

The  Upper  Freeport  coal  bed  is  mined  by  shafts  at  Senecaville  and 
Blacktop.  A  mine  formerly  operated  at  Kings,  north  of  Blacktop, 
has  been  abandoned  for  many  years.  At  Blacktop  the  bed  is  about 
100  feet  below  the  valley,  and  at  Senecaville  about  170  feet. 

The  Blacktop  mine,  1  mile  west  of  Lore  City,  is  operated  by  the 
Morris  Coal  Co.     The  average  daily  output  of  run-of-mine  coal  is^ 
reported   to  be    1,000  tons.     The  coal  was  sampled  at  two  points^ 
(analyses  20264,  20265,  p.  38).     Sections  of  the  coal  bed  measured  ab 
two  points  in  the  mine  are  given  on  page  42.     The  mine  workings 
have  extended  to  the  southeast,  south,  and  southwest,  a  distance  of  a 
little  more  than  1  mile.     To  the  north  and  northwest  the  coal  has 
been  tested  at  a  niunber  of  places  and  ia  believed  to  be  a  continuous 
thick  bed.     In  the  valley  of  Leatherwood  Creek    there   is   some 
question  as  to  the  possibility  of  extracting  the  coal,  owing  to  an 
insecure  roof.     The  alluviiun  is  many  feet  thick,    and  in    Center 
Township,  a  short  distance  downstream  from  the  vicinity  of  Blacktop, 
it  rests  directly  on  the  coal. 

The  Cleveland  mine  of  the  Morris  Coal  Co.  is  at  the  southeast  side 
of  Senecaville  on  a  spur  from  the  Baltimore  &  Ohio  Railroad.  The 
bed  was  measured  and  sampled  at  two  points  (analyses  20261,  20262, 
p.  38).  Measurements  of  the  bed  are  given  on  page  43.  The  mine 
workings  extend  northeast  and  south  from  the  shaft  a  distance  of 
about  1  mile.  A  little  more  than  half  a  mile  to  the  southwest  is  a 
sandstone  *'roll,''  which  has  checked  development  in  that  direction. 
The  sandstone  roof  abruptly  slopes  down,  entirely  replacing  the  coal 
along  a  front  bearing  nearly  northwest. 

East  of  the  mine  workings  at  Senecaville  many  diamond-drill 
holes  have  been  put  down,  and  there  is  assured  a  considerable  area  of 
valuable  coal.  In  one  of  the  test  holes  so  much  oil  was  found  in  th& 
sandstone  above  the  coal  that  it  was  pumped  out  and  sold  for  crude 
oil. 

ANDERSON   COAL. 

The  Anderson  coal  ranges  from  a  mere  blossom  to  a  bed  about 
2  feet  thick.  Almost  the  only  exposures  available  for  measurement 
in  this  township  are  natural  outcrops  on  the  roads,  but  at  a  few 
places  the  bed  has  been  mined  by  stripping  or  drifting  into  the  hillsides. 
The  principal  places  where  it  may  be  as  much  as  2  feet  thick  are  half  a 
mile  west  of  Blacktop  and  about  3  miles  to  the  south,  on  Soggy  Run. 
Near  the  Waldhonding  mine,  just  across  the  Valley  Township  line, 
where  the  bod  is  mined  for  local  use  by  Andy  Slovak,  it  is  1  foot  10 
inches  thick.  The  results  of  an  analysis  are  given  on  page  39  (analysis 
20243). 
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BAHB8T0HB  AHB  LIMXSTOn. 

The  only  sandstone  of  probable  value  for  building  in  Richland 
Township  lies  above  the  Cambridge  limestone.  It  ranges  from  shaly 
to  massive  and  coarse  grained  and  in  the  latter  form  is  prominently 
shown  at  Senecaville  and  eastward  for  2  miles.  The  rock  is  con- 
spicuous northward  from  Senecaville  along  the  railroad  and  also 
between  Lore  City  and  Gibson,  oji  the  south  side  of  the  valley. 
Here  and  there  small  amounts  of  sandstone  have  been  quarried  for 
use  in  foimdations. 

None  of  the  roads  of  Richland  Township  have  been  surfaced  with 
limestone.  About  1  mUe  of  limestone  pike  has  been  built  along  the 
valley  east  from  Lore  City,  and  this  is  the  only  improved  road  in  the 
region.  Limestone  that  is  easily  available  is  somewhat  scarce,  the 
Ames  and  Cambridge  beds  being  the  only  soiurce  in  the  western  half 
of  the  township.  The  Ames  limestone  is  persistently  1  to  2  feet 
thick,  and  by  stripping  on  the  outcrop  large  quantities  can  be  obtained. 
The  Cambridge  limestone  is  of  local  importance,  being  4  feet  thick 
west  of  Blacktop  and  in  the  vicinity  of  Senecaville,  but  elsewhere  it 
is  simply  a  layer  of  nodular  clayey  limestone.  The  outcrops  of  the 
Ames  and  Cambridge  limestone  beds  are  represented  on  the  map 
(PL  XII,  in  pocket),  and  their  positions  in  tlie  geologic  column  are 
shown  in  the  general  section. 

About  170  feet  above  the  Ames,  at  the  base  of  the  prominent 
terraced  slopes  that  extend  to  the  tops  of  the  hills  in  the  eastern  part 
of  the  township,  is  the  Lower  Pittsburgh  limestone,  a  bed  2  to  4  feet 
thick,  of  light-gray  color  and  smooth  texture,  probably  suited  for 
burning  for  building  lime  and  certainly  useful  for  agriculture. 

WILLS  AND  CENTSB  TOWNSHIPS. 

A  strip  of  land  slightly  more  than  1  mile  in  width  at  the  south  sides 
of  Wills  and  Center  townships  is  included  within  the  Summerfield 
quadrangle.  The  valley  of  Leatherwood  Creek  lies  parallel  to  the 
south  boundaries  of  these  townships  and  is  followed  by  the  Baltimore 
&  Ohio  Railroad.  At  the  adjoining  south  comers  of  the  two  townships 
is  Lore  City,  the  principal  village.  A  branch  railroad  line  was  built 
from  Lore  City  northeastward  a  distance  of  4  miles  to  Washington 
&nd  operated  for  a  short  time  but  is  now  idle. 

QEOLOQIC   SECTION. 

The  rocks  exposed  in  the  southern  parts  of  Wills  and  Center  town* 
ships  consist  almost  entirely  of  rusty  brown  or  brownish-red  clay,, 
shale  and  sandy  shale,  with  sandstone  beds  of  irregular  extent  and 
thickness,  and  a  few  thin  layers  of  coal  and  limestone. 

One  of  the  lowest  horizon  markers  in  the  area  is  a  coal  bed  known 
^  the  Anderson  (Bakerstown).    Where  seen  in  a  ravine  at  Kings 
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Mine  it  is  about  1  foot  thick  and  has  a  roof  of  irregular-bedded 
sandstone.  Its  position  is  about  80  feet  above  the  raibx)ad  and  155 
feet  above  the  coal  at  the  bottom  of  the  shaft.  About  10  feet  be- 
neath the  Anderson  coal  is  the  Cambridge  limestone,  a  bed  about  3 
feet  thick,  containing  many  fossils.  Its  outcrop  was  seen  at  numer- 
ous places  on  both  sides  of  Leatherwood  Valley  near  Blacktop  and 
Kings  Mine.  To  the  east  near  Lore  City,  however,  the  bed  is  much 
less  prominent,  being  made  up  of  nodular  lumps  of  impure  limestone 
embedded  in  calcareous  clay. 

Near  Lore  City  and  northward  is  a  coal  bed  about  25  feet  above 
the  position  of  the  Anderson  coal.  Where  seen  at  the  forks  of  the 
road  half  a  mile  north  of  the  village  and  to  the  northeast  along  the 
abandoned  railroad  it  is  about  1  foot  thick  and  lies  in  the  midst  of  an 
irregular  bedded  sandstone.  In  the  same  vicinity  the  Cambridge 
limestone  was  found  35  feet  lower. 

In  the  southern  part  of  Wills  Township  the  Ames  fossiliferous  lime- 
stone bed  is  109  feet  above  the  Cambridge.  It  lies  at  the  top  of  a 
bed  of  brownish-red  clay  and  is  overlain  by  light  greenish-gray  shale. 
This  bed  is  persistent  throughout  the  region,  being  absent  at  only  a 
few  places.  Although  only  1  or  2  feet  thick,  it  is  conspicuous  in 
roadside  and  ravine  outcrops,  owing  to  its  association  with  soft  shale 
and  clay.  The  strata  for  more  than  100  feet  above  the  Ames  lime- 
stone are  of  variable  character  but  consist  lai^ely  of  sandy  shale, 
thin-bedded  sandstone,  and  greenish-gray  or  chocolate-colored  clay. 

MINERAL  RESOUBCES. 
OOAL. 

The  only  coal  of  economic  importance  in  the  portions  of  Center  and 
Wills  townships  here  described  is  the  Upper  Freeport  bed,  which  lies 
about  50  feet  below  the  valley  of  Leatherwood  Creek  at  the  extreme 
northwest  comer  of  the  Summerfield  quadrangle.  It  is  probable 
that  the  coal  is  persistently  5  feet  or  more  thick  throughout  large 
areas  west  and  north  of  Lore  City.  Considerable  coal  has  been 
mined  at  Kings  Mine,  but  the  site  was  abandoned  years  ago,  after  a 
fire  had  destroyed  the  buildings  about  the  shaft.  Westward  from 
Kings  Mine  along  Leatherwood  Valley  mining  operations  will  be  im- 
possible, at  least  in  places,  owing  to  the  thickness  of  alluvium  which 
extends  down  to  the  coal. 

Many  coal  test  holes  have  been  drilled  in  the  northern  part  of  Wills 
Township,  in  the  Antrim  quadrangle,  near  Washington  and  eastward 
along  Salt  Fork.  The  results  have  almost  without  exception  proved 
unfavorable,  the  coal  being  thin  or  lacking.  A  record  of  the  strata 
penetrated  on  the  G.  M.  Coen  farm,  near  the  center  of  sec.  20,  1 
mile  south  of  Washington,  furnished  by  Prof.  F.  A.  Ray,  is  given 
below: 
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LIMX8TOVB  AHB  BAVOSTOlTS. 

The  principal  limestone  beds  are  the  Ames  and  Cambridge,  wliich 
hare  already  been  described.  Neither  is  more  than  2  or  3  feet  thick, 
bat  the  amount  of  rock  that  can  be  obtained  by  stripping  in  ravine 
outcrops  is  considerable  and  should  go  far  toward  surfacing  the 
principal  roads  of  the  townships. 

The  only  sandstone  bed  of  possible  value  for  quarrying  is  the  one 
&bove  the  Anderson  coal.  The  rock  is  as  a  rule  irregularly  bedded 
ud  friable,  but  in  a  few  favored  localities  it  has  been  found  suitable 
for  foundations.  The  stone  has  been^  quarried  to  a  slight  extent  on 
the  abandoned  railroad  about  1  mile  northeast  of  Lore  City. 

NOBLE  COUNTY. 
WATNE  TOWNSHIP. 

ijOOation  and  surface  featubes. 


Wajme  Township,  Noble  County,  is  an  irregular  area  lying  in  the 

I  Qorth-central  part  of  the  Summerfield  quadrangle.    A  portion  of  the 

I  township  is  within  the  bounds  of  an  early  United  States  military 

jftterve.    Kennonsburg,  the  only  village,  has  a  population  of  a  few 

ioitu  people,  and  the  total  number  of  inhabitants  in  the  township 

according  to  the  census  of  1920  was  438.    This  township,  like  most 

other  rural  communities,  is  decreasing  in  population,  the  number  in 

1910  (479)  being  32.3  per  cent  less  than  in  1890,  when  it  had  708 

people.    The  west  end  of  the  township  extends  almost  to  the  railroad 

^t  SeneoaviUe,  and  the  north  side  is  about  li  miles  from  Salesville,  on 

;  the  Baltimore  &  Ohio  Railroad. 

!  »7812— 23 5 
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The  most  unusual  feature  of  the  surface  of  Wayne  ^^ownship  is  th( 
abnormally  broad  valley  of  Seneca  Fork  of  Wills  CSreek,  a  compara 
tively  smaJl  stream  whose  flood  plain  is  nearly  as  broad  as  that  of  th< 
Ohio  at  Wheeling.  The  stream  has  so  slight  a  fall  and  its  course  is  s< 
meandering  that  the  xun-off  after  heavy  rains  is  slow,  and  as  a  resul 
the  bottomlands  are  frequently  flooded  and  are  therefore  of  limit«< 
agricultural  value.  The  lowlands  and  gently  sloping  hillsides  ar 
generally  covered  with  a  mantle  of  sandy  loam  which  covers  mos 
rock  exposures  up  to  an  elevation  of  about  920  feet.  The  sandy  loan 
contains  stream-rounded  pebbles,  even  where  it  lies  100  feet  abov 
the  flood  plain  of  Seneca  Fork.  The  depth  to  bedrock  in  the  valle; 
is  probably  many  feet,  and  the  alluvium,  together  with  the  mantle  c 
similar  material  on  the  hillsides,  probably  denotes  a  former  silting  u; 
of  the  valley  to  a  depth  of  150  feet  or  more.  A  similar  condition  i 
found  throughout  this  drainage  system.  In  the  Tuscarawas  Vallej 
about  40  miles  to  the  northwest,  the  rock  floor  is  buried  severf 
hundred  feet  below  the  river  channel. 

The  land  rises  in  gentle  slopes  300  to  400  feet  above  the  vallej 
and  forms  rounded  ridges  that  show  little  concordance  in  elevatioi 
The  highest  hilltops,  which  are  along  the  north  side  of  the  townshii 
are  1,240  to  1,2<S0  feet  above  sea  level.  The  hillsides  consist  of 
number  of  terraces  that  vary  in  steepness  according  to  the  hardnes 
of  the  underlying  strata.  Sandy  shale  is  more  resistant  to  weatherio 
and  wear  by  streams  than  clay  or  shale,  which  in  addition  to  eas 
erosion  are  much  given  to  landslides. 

OEOLOOIC  SBOnON. 

There  arc  two  strata  which  deserve  first  consideration  in  a  descri] 
tion  of  the  rocks  of  Wayne  Township,  owing  to  their  easy  identifier 
tion,  economic  value,  and  use  in  the  mapping  and  study  of  oth< 
geologic  foaturas.  They  are  the  Ames  limestone,  which  crops  oi 
low  in  the  hills  in  the  western  part  of  the  township,  and  the  Mei| 
Creek  coal,  which  lies  in  the  higher  hills  in  the  eastern  part.  Tl 
vertical  interval  between  these  beds  is  about  316  feet.  The  gent 
southeasterly  dip  carries  the  Ames  limestone  below  the  bed  of  Senei 
Fork  of  Wills  Creek  opposite  Eennonsburg,  as  shown  on  Plate  XI 
in  pocket.  In  its  westward  outcrop  the  bed  is  everywhere  1  to  2  f e 
thick  and  contains  crinoid  stems  and  fossil  shells,  which  serve  i 
(liHtinguish  it  from  all  other  limestone  beds. 

The  strata  for  150  feet  above  the  Ames  limestone  consist  chiefly  * 
Huiuiy  shale,  a  few  sandstone  layers,  and  beds  of  greenish-gray  < 
browninh-red  shaly  clay.  The  succeeding  150  feet  upward  to  tl 
Moi^rt  Oook  coal  contains  several  masses  of  tough  sandy  shale  30  i 
40  feet  thick,  between  which  are  thin  beds  of  limestone  and  clay. 


STRTTCTURB. 

The  general  southeastward  dip  of  the  rock  beds  of  this  region  is 
raiied  in  the  western  part  of  Wayne  Township  by  a  low  up-f  old  called 
the  Chaseville  anticline,  which  trends  northeast.  It  is  paralleled  on 
the  northwest  by  a  shallow  depression,  and  on  its  southeast  side  the 
aormal  southeasterly  dip  of  20  to  40  feet  to  the  mile  is  resumed. 
Other  flexures  of  less  prominence  appear  in  the  northern  part  of  the 
township.     These  structiural  features  are  represented  on  Plate  XII. 

MINERAL   RESOURCES. 

Wayne  Township  is  unimportant  as  a  producer  of  oil,  gas,  or  coal. 
i  few  oil  wells  at  the  north  end  of  the  CiiaseviUe  field  lie  within  the 
township,  and  oil  has  been  found  in  small  amounts  at  other  places. 

COAL. 

The  Meigs  Creek  coal,  which  is  the  only  bed  of  minable  thickness 
in  the  rocks  that  crop  out,  is  of  slight  extent,  lying  in  the  tops  of  the 
hills  in  the  eastern  part  of  the  township.  The  coal  bed  of  greatest 
7&lue  is  the  Upper  Freeport,  which  is  mined  by  shafts  to  a  depth  of 
ibout  200  feet  at  Senecaville. 

rPPEB    KREEPORT  COAL. 

The  mine  workings  of  the  Cleveland  mine  at  Senecaville  extend  into 
^e  west  end  of  Wayne  Township.  The  thickness  of  the  coal,  as 
^wQ  by  the  section  on  page  43,  measured  5,000  feet  east  of  the  shaft 
ibout  2,000  feet  north  of  the  Wayne  Township  line,  is  nearly  6  feet. 

The  southward  extension  of  the  mine  workings  has  demonstrated 
tlie  presence  of  a  sandstone  ''roll,''  which  replaces  the  coal  along  a 
iront  extending  in  a  southeasterly  direction  across  sec.  6.  The  bed 
IS  missiDg  in  many  wells  drilled  for  oil  and  gas  to  the  south,  in 
^  Oiaseville  pool.  Ldttle  is  known  concerning  its  character  in  the 
*5tem  part  of  Wayne  Township.  It  has  been  tested  by  core  drilling 
It  several  points,  as  shown  on  Plate  XII,  but  no  records  were  obtained 

MEIOS   CREEK   COAL. 

The  Meigs  Creek  coal  appears  as  a  roadside  blossom  at  many  places 
liear  Longs  School,  in  the  northeast  comer  of  the  township,  and  has 
m  mined  in  a  small  way  at  several  places.     Its  thickness  is  a  Uttle 
ore  than  3  feet,  and  a  thinner  rider  coal  lies  above  it,  separated  by 
ffK)t  of  clay.     In  the  C.  Long  mine  (locality  55,  PI.  VT),  a  quarter  of 
mile  east  of  the  township  line,  a  thickness  of  4  feet  5  inches  of  coal 
Its  measured.     To  the  south,  in  the  ridge  near  the  township  line, 
bed  has  been  mined  at  a  few  places,  and  the  thickness  is  reported 
be  4  feet. 
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Than  is  a  little  sandstone  suitable  for  building  or  rough  founda 
tioDS  in  Wayne  Towndiip.  Hie  principal  bed  lies  below  the  Heigl 
(Veek  ooal,  and  is  of  some  prominence  in  the  Ticinity  of  Longs  Schoo 
and  elsewhere  in  the  eastern  part  of  the  township,  where  it  is  20  t< 
30  feet  thick,  but  so  friable  that  it  is  easily  crumbled  into  sand 
Another  sandstone  bed  occutb  a  little  above  the  Lower  Fittsbuigl 
fimestone,  but  it  is  as  a  rule  shaly  and  thin  bedded. 

The  Ames  limestone,  a  bed  1  to  2  feet  thick,  crops  out  in  the  ▼alle| 
of  Depue  Run  north  of  Kennonsburg  and  gradually  rises  in  the  hil] 
on  the  west.  The  bed  constitutes  almost  the  only  limestone  supp^ 
bk  that  area,  with  the  exception  of  several  layers  near  the  hilltops  i 
the  vicinity  of  Miley  School. 

Hie  amount  of  Umestone  in  the  eastern  part  of  the  township  i 
greater,  there  being  three  beds  2  to  3  feet  thick  distributed  in  tl] 
section  30  to  130  feet  below  the  Meigs  Creek  coal.  The  principi 
layer  is  the  Lower  Pittsburgh,  whose  outcrop  forms  a  conspicuoi 
band  of  white  nodules  along  the  hiUsides.  It  is  everywhere  2  to 
feet  thick.  Its  prominent  outcrops  in  the  ravines  furnish  easil 
accessible  supplies  of  material  for  road  surfacing. 

BX7FFAI.O  AND  VAUJiY  TOWNSHIPS. 
LOCATION   AND   SURFACE   FEATURES. 

I 

The  eastern  third  of  Buffalo  Township  and  about  1  square  noiile  j 
Valley  Township  lie  within  the  Summerfield  quadrangle.  T^ 
Cleveland  and  Marietta  branch  of  the  Pennsylvania  Railroad  cros^ 
the  western  part  of  these  townships,  in  the  Cumberland  quadrang] 
and  on  it  are  the  villages  of  Glenwood,  Ava,  and  Pleasant  City.   | 

The  waters  of  the  two  townships  are  carried  off  by  Buffalo  Cre^ 
Seneca  Fork  of  Wills  Creek,  and  their  tributaries.  Those  strea]^ 
flow  northwestward  and  empty  into  Wills  Creek.  Their  valleys,  li{ 
those  of  all  streams  of  this  drainage  system  are  unusually  wide  ai 
the  streams  are  sluggish.  The  elevation  is  about  790  feet  in  tj 
valley  of  Buffalo  Creek  at  the  north  edge  of  Buffalo  Township.  T 
hilltops  are  gonorally  1,000  to  1,100  feet  in  elevation,  there  beii 
many  flat  areas  at  1,000  to  1,040  feet.  Some  of  the  highest  sximmj 
in  the  northeastern  part  of  Buffalo  Township  rise  as  high  as  l,l| 
foet. 

GBOLOOIO  SSOTTOK. 

Tho  outcropping  strata  mostly  belong  to  the  Conemaugh  fom] 
tion  and  consist  largoly  of  brownish-red  shale  and  clay  with  nc 
porsistcmt  sandstone  bods  and  a  few  layers  of  limestone.  Limesto 
and  sandy  slinio  of  tlio  Monongahela  formation  form  the  conspicuc 
terraced  hilltops  in  tho  otustom  part  of  Buffalo  Township. 
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Hie  Ames  limestone  is  the  lowest  outoropping  stratum  worthy  of 
Qot«.  It  is  a  fossiliferous  brownish-gray  layer  1  to  2  feet  thick. 
Eleyations  obtained  on  its  outcrop  at  numerous  places  furnish  evi- 
dence regarding  the  attitude  of  the  rocks.  The  outcrop  of  the  lime- 
stone is  a  prominent  spring  line,  owing  to  the  impermeable  day 
associated  with  it.  The  overlying  strata  Consist  of  sandy  shale  of 
<'liTe-green  color.  Beds  to  a  height  of  150  feet  above  this  shale 
mM  largely  of  rusty-brown  sandy  shale  and  brownish-red  clay 
vtiich  form  gentle  hillside  slopes. 

In  Valley  Township  the  Cambridge  limestone,  109  feet  below  the 
imes,  is  exposed.  Tlie  bed  is  not  as  thick  here  as  to  the  northeast, 
near  Senecaville.  About  10  feet  above  it  is  the  Anderson  coal,  which 
lifls  been  mined  in  the  village  near  the  Waldhonding  coal  mine. 

The  several  limestone  beds  that  appear  in  the  hilltops  at  the  east 
de  of  Buffalo  Township  lie  150  to  250  feet  above  the  Ames  lime- 
stone. None  of  them  are  more  than  2  to  4  feet  thick,  and  each  is 
^parated  from  the  next  by  25  to  40  feet  of  tough  sandy  shale  to 
^ch  in  large  part  are  due  the  conspicuous  steepened  hillside  slopes. 

MINBBAL  RE8OUR0E8. 

A  portion  of  the  Chaseville  oil  and  gas  pool  lies  in  the  northeastern 
p&rt  of  Buffalo  Township.  The  outcropping  strata  include  no  coal 
Ms  of  considerable  economic  value,  the  only  one  being  the  Anderson, 
rtich  is  IJ  to  2  feet  thick  in  Valley  Township.  The  township  is, 
Wever,  underlain  by  a  considerable  area  of  minable  Upper  Freeport 
^,  the  same  bed  as  that  mined  at  Senecaville  and  at  several  places 
n  the  Cleveland  and  Marietta  branch  of  the  Pennsylvania  Railroad. 
^^  depth  below  the  Ames  limestone  is  about  265  feet.  The  bed  is 
^rded  in  some  of  the  wells  in  the  Chaseville  oil  field  and  has  also 
keen  found  in  several  hoUow^rod  drill  holes  in  sees.  12  and  13.  It  is 
extremely  variable  in  thickness  and  subject  to  abrupt  changes; 
4erefore  no  areas  in  which  it  occurs  can  be  considered  as  of  proved 
^ue  until  thoroughly  tested  with  the  drill. 

The  principal  limestone  and  sandstone  beds  lie  in  the  high  hills 
fc  the  eastern  part  of  Buffalo  Township.  The  sandstone  may  be  of 
Jiore  or  less  value  locally  for  use  in  foundations.  The  limestone 
^shes  an  easily  accessible  source  of  material  in  moderate  quantity 
^  road  building. 

SBNBOA  TOWNSHIP. 

Smeca  Township  includes  all  but  the  two  north  rows  of  sections 

ET.  8  N.,  R.  8  W.,  as  designated  in  the  original  land  survey.  Mount 
)hraim  and  Chaseville  are  the  only  villages.     The  nearest  place  on 
,  eOhio  River  &  Western  Railroad  is  Mount  Ephraim  Station,  H 
■"les  south  of  the  village  of  Mount  Ephraim.     Senecaville,  on  a 
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branch  of  the  Baltimore  &  Ohio  Railroad,  is  3  miles  north  of  Chase- 
villc.  The  populati(m  of  the  township  according  to  the  census  report 
for  1920  was  616.  The  mineral  resources  include  an  oU  and  gas  field 
at  Chaseville  and  a  bed  of  coal  mined  by  shafts  at  numerous  places 
in  the  township. 

SURFACK    FEATURKS. 

The  principal  valleys  of  the  township  are  broad  and  of  low  gradient, 
the  fall  being  only  2  or  3  feet  to  the  mile.  This  general  character  of 
the  valleys  of  the  trunk  streams  also  marks  those  of  the  numerous 
small  tributaiics,  which  rise  in  the  ridge  that  forms  the  principal 
divide,  extending  from  Chaseville  to  Mount  Ephraim  and  thence 
southeastward  to  Sununertield.  The  hilltops  are  rounded  and  have 
summits  of  varying  elevation,  there  being  no  level  upland.  The 
altitude  on  the  divide  ranges  from  1,100  to  1,260  feet  above  sea  level, 
and  the  highest  point  is  in  the  vicinity  of  Mount  Ephraim.  The 
lowest  valley  bottoms  along  the  north  side  of  the  township  have  an 
elevation  of  about  830  feet.  The  rocks  of  the  area  consist  largely 
of  sandy  shale  alternating  with  clay  and  limestone  beds,  which  con- 
stitute the  higher  hills.  Below  these  are  rod  clay  and  shale  with 
few  sandstone  layers,  which  are  so  weak  that  landslides  are  prevalent- 
Such  strata  form  gentle  slopes  that  steepen  abruptly  at  the  begin- 
ning of  the  overlying  tough  sandy  shale,  whose  resistant  character 
produces  the  terraces  so  typical  of  this  region. 

GEOLOGIC   SECTION. 

The  lowest  easily  recognized  stratum  at  the  surface  in  Seneca 
Township  is  the  Ames  limestone.  Its  outcrop  is  limited  to  the  val- 
leys of  North  Fork  of  Buffalo  Creek  in  sec.  30  and  Opossum  Run 
east  of  Chaseville,  as  shown  on  Plate  XII  (in  pocket) .  The  limestone 
is  only  1  foot  or  so  thick  but  has  abundant  fossil  shells. 

Above  the  Ames  limestone  are  sandy  shale,  nonpersistent  sand- 
stone, and  red  clay,  with  nodules  of  white  limestone  and  hematite. 
The  beds,  with  the  exception  of  the  basal  50  feet,  are  as  a  whole  weak 
and  much  given  to  landslides.  About  150  feet  above  the  Ames  lime- 
stone is  the  Lower  Pittsburgh  limestone,  a  gray  rock  2  to  3  feet  thick, 
of  smooth,  homogeneous  texture,  lacking  fossil  shells  such  as  are  found 
in  the  iVmes.  Higher  strata  consist  of  other  limestone  beds  at  inter- 
vals of  25  to  40  feet,  between  which  are  resistant  sandy  shale.  The 
coal  bed  mined  at  many  places  in  the  area  is  the  Meigs  Creek.  Its 
position  is  120  to  140  feet  above  the  Lower  Pittsburgh  limestone, 
or  270  to  290  feet  above  the  Ames  limestone.  Over  the  coal  is 
sandy  shale,  sandstone,  or  locally  clay  shale  and  limestone. 
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STRITCTURE. 

The  dip  of  the  rocks  is  in  general  southeastward  at  a  rate  ranging 
from  10  to  40  feet  to  the  mile.  The  axis  of  the  Chaseville  anticline, 
t  low  fold,  extends  in  a  northeasterly  direction  through  Chaseville, 
md  along  it  is  the  Chaseville  oil  and  gas  field.  The  oil  and  gas  pro- 
dur^Hl  here  are  derived  largely  from  the  Berea  sand,  which  has  also 
nrently  proved  to  be  productive  in  sec.  22,  1^  miles  northeast  of 
Mount  Ephraim. 

MINERAL  BESOURGES. 

Coal,  oil,  and  gas  are  the  most  valuable  mineral  products  in  Seneca 
Township.  The  township  also  contains  sandstone  for  use  in  building 
ud  lunestone  for  surfacing  the  roads. 

OOAXi. 

The  Heigs  Creek  is  the  only,  minable  coal  bed  at  the  surface  in  this 
township.  The  Pittsburgh  coal,  whose  position  is  about  108  feet 
Wer,  or  25  feet  above  the  Lower  Pittsburgh  limestone,  is  lacking 
5?re  and  in  adjoining  townsUps. 

UFPBR  FBBEPOBT  COAL. 

The  Upper  Freeport  coal,  mined  at  Senecaville  by  shafts,  may 
underlie  parts  of  Seneca  Township  in  minable  thiclmess,  but  this 
(set  can  only  be  determined  by  extensive  testing  with  the  core  drill. 
%e  bed  is  reported  in  a  few  wells  in  the  vicinity  of  Chaseville,  but  is 
liking  in  most  of  the  oil  and  gas  field. 

MUOA  CEKEK  COAL. 


Tbe  outcrop  of  the  Meigs  Creek  coal  bed  is  shown  on  Plates  VI 
<&d  XII.  The  bed  is  about  1,050  feet  above  sea  level  in  the  south- 
tet  comer  of  the  township  and  rises  northwestward  to  the  tops  of 
tbe  highest  hills  a  mile  or  so  beyond  Mount  Ephraim.  The  thickness 
'the  bed  is  Ulustrated  by  the  following  sections: 

Sections  of  Meigs  Creek  coal  bed  in  Seneca  Township. 


MlM  M  H.  Morgan  fkra.  8K.  i  mc.  26  (localltr  41). 

Shale.  Ft.    in. 

Coal,  shaly 11 

Clay..... 5J 

Cool 1      7 

Clay 1 

Coal 1      3 

Clay  ahale,  unmeasured.  

Thicknees  of  coal  bed 4      3i 


» 


72  BUMMEKFIELD  AND  WOODfillEU)  QUADRANOUSS,  OHIO. 


Mine  oa  Mmtdraluai  foraw  SB.  i  Me.  22  (lociJIly  M). 

Shale.  Ft.      in. 

OoaX 5J 

"Sulphur" I 

Coal 1      2 

llone 2 

Obal 1      5i 

Clay  shale.  

Thickness  of  coal  bed 3      4 

RMidfllde  Mporare  In  M«tli-c«iCrml  part  of  mc.  2t  (locallCy  25). 

Shale,  sandy.  Ft.      in. 

Goal,  ahaly 9 

Clay 1 

Obal 2        6 

Clay  shale. 

A  sample  of  the  core  in  the  Wiley  Carter  mine,  half  a  mile  south  of 
Mount  Ephraim  Gocality  37),  was  taken  for  analysis  (No.  20235, 
p.  40) .    A  section  of  the  coal  in  this  mine  is  given  in  Plate  VI. 

The  thickness  of  the  bed  at  the  extreme  southeast  comer  of  the 
township  is  indicated  by  a  measurement  made  on  the  J.  S.  Sparling 
farm,  across  the  township  line,  1  mile  east  of  Whigville  locality  42), 
where  the  bed  from  top  to  bottom  shows  coal,  2  feet  3  inches;  shaly 
coal,  5  inches;  and  coal,  1  foot  10  inches;  total  thickness,  4  feet  6 
inches. 

IVom  the  above  sections  it  is  evident  that  the  bed  is  of  less  value 
in  Seneca  Township  than  to  the  south,  the  thickness  being  only  a 
little  more  than  3  feet  in  most  places.  The  bed  is,  however,  of  good 
quality  and  ample  in  quantity  for  the  needs  of  the  farmers. 

SAlfDSTOHB  AlfD  LmSTOHB. 

One  bed  of  sandstone  suitable  for  buildings  and  foundations  is 
found  in  this  town^p.  It  lies  between  the  Lower  Pittsburgh 
limestone  and  Meigs  Creek  coal.  This  rock,  with  associated  beds, 
forms  the  conspicuous  terrace  about  150  feet  above  the  valley  in  the 
western  part  of  the  township.  The  outcrop  of  the  sandstone  remains 
wooded  because  the  slopes  arc  too  steep  and  rocky  for  cultivation. 
The  sandstone  has  been  quarried  at  a  few  places  northeast  of  Riches 
School,  in  sees.  20,  29,  and  30.  The  beds  are  in  layers  2  to  4  feet 
thick  in  convenient  attitude  for  quarrying.  Similar  exposures  are 
found  in  the  valleys  at  the  south  side  of  the  township.  In  the 
northeastern  part  the  beds  are  shaly  and  less  massive. 

The  important  Umestone  beds  of  this  township  are  three  in  number 
and  occupy  positions  30,  90,  and  125  feet  below  the  Meigs  Creek 
coal.  The  Lower  Pittsburgh  limestone,  the  lowest  of  the  three,  is 
2  to  3  feet  thick  in  all  but  the  western  part  of  the  township,  where 
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it  is  nodular  and  less  conspicuous  than  the  Upper  Pittsburgh  lime- 
stone, about  25  feet  higher.  The  limestones  beneath  the  Pomeroy 
coal  and  the  Fishpot  limestone  (beneath  the  Lower  Meigs  Creek 
cod)  are  persistently  1^  to  3  feet  thick. 

These  limestone  beds  are  so  widely  distributed  through  the  town- 
sliip  that  they  offer  a  ready  supply  of  material  for  surfacing  the 
mis.  Nevertheless  no  limestone  pikes  have  been  built  in  this  town- 
ship, and  only  a  few  miles  of  pike  in  adjoining  ones. 

OBMTBB  TOWNSHIP. 
LOCATION   AND   SURFACE   FEATURES. 

Center  Township  occupies  the  southwestern  part  of  the  Stunmer- 
£eld  quadrangle  and  narrow  areas  along  the  borders  of  adjacent 
quadrangles.  The  eastern  part  of  the  township  lies  within  T.  7  N., 
R.  8  W.,  as  designated  by  the  original  land  survey,  and  the  western 
part  includes  two  north-south  rows  of  sections  withinJT.  7  N.,  R,  9  W, 
Sarahsville,  the  only  village,  is  in  the  north-central  portion  on  the 
Ohio  River  &  Western  Railroad,  about  6  miles  northeast  of  Caldwell,. 
the  county  seat.  The  number  of  inhabitants  in  SarahsviUe,  accord- 
ing to  the  census  of  1920,  was  186,  and  in  the  entire^township  1,083. 
Hie  mineral  resources  include  a  coal  bed  in  the  hills  of  the  eastern 
yf  of  the  township,  possibly  some  minable  coal  below  the  surface,. 
uid  three  small  oil  pools. 

Xearly  all  of  Center  Township  is  drained  byfBuff alo'Oreek,  which 
Sows  northwestward  and  unites  with  Wills  Creek  at  Hartford.  A 
ffimll  area  in  the  southwestern  part  is  drained  by  branches  of  Duck 
fteek.  The  valley  of  Buffalo  Creek  widens  into^bottom  lands  of 
QDosual  extent  a  few  miles  from  its  source.  Along  the  valley  are 
Wjbenches  30  to  40  feet  above  stream  level,  the  tops  of  which  are 
formed  of  a  layer  of  sandy  silt.  These  benches  with  their  deposits 
&re  remnants  of  a  former  valley  floor  that  has  been  largely  worn 
ivay  in  the  deepening  of  the  valley  to  the  modem  flood  plain.  From 
them  the  slopes  rise  in  terraces  of  moderate  steepness  to  the  summits 
of  the  ridges,  which  are  300  to  400  feet  above  the  valley  floor,  or 
UoO  to  1,250  feet  above  sea  level.  Terraced  slopes  are  developed 
U)  an  unusual  degree  in  the  northwestern  part  of  the  township,  and 
their  undulating  profiles  add  to  the  beauty  of  the  landscape.  They 
tfe  caused  by  rocks  of  varying  resistance  to  weathering,  such  as 
tough  shaly  sandstone  alternating  with  beds  of  clay,  shale,  and 
hnestone.  The  resistant  sandy  beds  are  effective  in  retarding  the 
teidency  to  "creep''  of  the  softer  beds,  but  landsUdes  are  fairly 
prevalent  on  slopes  that  have  been  without  timber  for  a  number  of 
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(;eologig  section. 

The  general  direction  of  dip  of  the  rocks  in  Center  Township  is 
southeast  at  an  average  rate  of  about  25  feet  to  the  mile:  therefore 
strata  that  lie  low  in  the  hills  at  the  east  side  of  the  township  rise 
westward  to  much  higher  positions  and  may  be  lacking  even  in  the 
ridge  tops.  In  like  manner  strata  that  crop  out  on  Buffalo  Creek  at 
the  northwest  comer  of  the  township  lie  far  below  the  bottoms  of 
the  deepest  valleys  at  the  southeast  comer.  The  thickness  of  beds 
thus  exposed  is  in  columnar  section  about  500  feet.  Their  strati- 
graphic  sequence  is  illustrated  by  figure  2  (p.  16).  The  Conemaugh 
beds,  constituting  the  lower  part  of  the,  section,  consist  largely  of 
sandy  shale  of  light  olive  brownish-gray  color,  interbedded  with 
reddish-brown  shale  and  clay  containing  nodules  of  limestone  and 
hematite.  The  few  coal  beds  are  thin  and  nonpersistent.  Beds  of 
limestone  are  likewise  few  and  inconspicuous,  with  the  exception  of 
the  Ames  and  Lower  Pittsburgh.  The  Ames  limestone  is  a  brownish- 
gray  impure  rock  stained  with  iron  rust  and  containing  abundant 
remains  of  fossil  shells.  This  limestone,  together  with  nonpersistent 
beds  1 5  to  60  feet  higher,  also  f ossiliferous,  records  the  last  invasion 
of  the  ocean  into  this  region  in  "Coal  Measures"  time,  and  higher 
beds  carry  no  fossil  forms  of  known  marine  types. 

The  strata  of  the  Monongahela  formation  differ  from  those  below 
in  that  they  lack  the  reddish-brown  color  and  contain  several  beds  of 
coal  and  of  gray  limestone.  The  coal  beds,  except  the  Meigs  Creek, 
are  thin  or  absent  in  Noble  County,  but  to  the  northeast  in  Behnont 
County  they  are  of  great  importance. 

The  principal  hillside  terraces  in  Center  Township  occur  above  the 
Ames  limestone,  above  the  Lower  Pittsburgh  limestone,  and  a  little 
below  the  Meigs  Creek  coal.  The  lowest  one  appears  along  Buffalo 
Creek  downstream  from  Sarahsville.  It  is  controlled  by  sandy  Aiale 
of  pale  greenish-yellow  color.  At  the  base  are  numerous  springs 
which  are  led  to  the  surface  by  clay  associated  with  the  Ames  lime- 
stone. 

Above  the  Ames  terrace  is  a  long,  gentle  rise  to  the  level  of  sandy 
beds  about  190  feet  higher  which  overlie  the  Lower  Pittsburgh  lime- 
stone and  form  the  terrace  so  conspicuous  west  and  north  of  Sarahs- 
ville at  an  elevation  of  1,000  to  1,050  feet  above  sea  level.  Still 
higher  clay  and  limestone  beds  alternating  with  sandstone  and  sandy 
shale  form  other  terraces  that  are  only  slightly  less  prominent. 

STRUCTURE. 

The  prevailing  dip  or  slope  of  the  strata,  as  shown  by  elevations 
of  the  Meigs  Creek  coal  and  other  beds  determined  by  spirit  leveling, 
is  southeast,  at  10  to  50  feet  to  the  mile.     No  well-marked  anticlines 
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orsjnclines  are  present,  but  there  are  minor  flexures  which  cause  con- 
siderable local  variation  in  the  direction  of  dip  and  form  anticlinal 
Qoses"  and  synclinal  ''embaTments"  such  as  those  in  the  yicinity 
o[  Kount  Ephraim  Station  shown  on  the  structural  map  (PL  XII , 

in  pocket) . 


MINERAL  RESOURCES. 


COAL. 


MEIGS   CREEK  COAL. 


He  Meigs  Creek  is  the  only  important  coal  bed  that  crops  out  in 
Center  Township.  In  the  western  half  of  the  to>vnship  it  lies  in  the 
tops  of  the  highest  hiUs^  where  the  cover  is  so  slight  that  the  coal 
is  of  little  value.  Eastward  from  a  north-south  line  passing  through 
Sarahsville  there  are  so  many  small  mines  that  it  is  safe  to  conclude 
that  the  bed  is  everywhere  4  feet  or  more  in  thickness.  There  is 
commonly  a  layer  of  clay  a  little  above  the  middle  dividing  the  coal 
into  two  benches.  The  rock  overlying  the  coal  is  sandy  shale  or 
sandstone. 

Seetwm  of  Mtign  Creek  eoal  bed  in  Center  Tovnuhip. 

Mat   of 

Ft    In. 

2    6 

9 
1    9 

1 
1    5 


^iK  w   J.    H.   TMBff  farm,    1    nito 
SwalMrlUe  (loaJhy  SS). 

^dsUme. 

Ccel 

Clay 

C<jb1 

Side 

Coal 

iVflhale. 

Thicknesa  of  bed 

'  l^ht  w  c  HtfM  fkniw  hAlf  ft  ndle 
FMericksdale  (iocattty  40). 

^Jay  shale. 
I      Coal 

Clay 

C<jal 

^Jay  shale. 


6    6 

or 

1    1 
1 

4 


Aflne  OB  H.  Cmtttft  Iknn,  ooc.  8,  2 

OMI  «r  Sorahaiille  Oocallty  U). 

Clay,  carbonaceous 1 

Clay,  gray • 

Coal,  with  irregular  bony 

bands 8    4 

Clay,  unmeasured. 


Where  seen  in  openings  in  the  vicinity  of  Mount  Ephraim  Station 
^he  b^d  is  a  few  inches  less  than  4  feet  thick  and  is  overlain  by  shale, 
^hich  in  turn  is  overlain  by  a  thick  bed  of  sandstone.  In  the  south- 
east comer  of  the  township,  near  East  Union,  the  coal  is  divided  into 
^^0  benches  by  the  usual  clay  bed.  The  upper  bench,  which  is  1  to 
-  feet  thick,  is  seldom  used  and  is  left  up  in  the  rooms  as  a  roof. 
The  lower  bench  ranges  from  3^  to  a  little  more  than  4  feet  in 
Sickness. 
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COAL  BK08  BBLOW  THS  SURFACE. 

The  Upper  Freeport  coal  mined  at  Senecaville  and  near  Caldwell 
is  about  570  feet  below  the  Meigs  Creek  coal.  In  the  valley  of  Buffalo 
Creek  at  the  northwest  comer  of  the  township  it  is  about  180  feet 
below  the  surface.  Several  coal  test  holes  have  been  drilled  in  the 
valley,  but  the  results  are  not  available.  A  coal  that  is  possibly  the 
Upper  Freeport  is  reported  in  the  logs  of  some  of  the  wells  drilled 
for  oil  between  Sarahs ville  and  Caldwell. 

BAlfDBTOinE  AVD  UKSBTOHB. 

The  principal  sandstone  bed  of  Center  Township  lies  about  60  feet 
below  the  Meigs  Creek  coal  bed.  It  ranges  from  tough  shaly  beds 
to  moderately  massive  layers  that  are  well  suited  for  building.  The 
rock  has  been  quarried  by  the  farmers  in  a  small  way  in  the  north- 
eastern part  of  the  township. 

A  sandstone  bed  overlies  the  Meigs  Creek  coal  along  much  of  its 
outcrop.  The  rock  is  of  little  use  on  account  of  its  soft,  friable  tex- 
ture. At  ohe  place  east  of  Sarahsville  it  has  been  pulverized  and 
used  for  building  sand. 

The  principal  limestone  bed  of  Center  Township  is  the  Lower 
Pittsburgh,  which  Ues  about  145  feet  below  the  Meigs  Creek  coal 
at  the  base  of  the  prominent  terraces  in  the  western  part  of  the 
township.  This  limestone  is  persistently  3  to  4  feet  thick  in  all  but 
the  northern  part  of  the  township  and  is  exposed  in  conspicuous 
outcrops  along  the  hillsides.  Where  measured  in  the  railroad  cut 
1^  miles  south  of  Sarahsville  the  beds  are  3^  feet  thick.  (See  PI.  II, 
p.  16.)  The  weathered  surface  is  invariably  lumpy,  and  the  rock 
is  a  limestone  conglomerate.  It  is  so  firmly  cemented  that  when 
broken  the  fracture  passes  indiscriminately  through  the  pebbles  aa 
well  as  the  matrix.  The  rock  is  well  suited  for  various  purposes,  the 
most  important  being  for  road  metal. 

From  43  to  50  feet  above  the  Lower  Pittsburgh  limestone  is 
another  dark  bluish-gray  laminated  limestone  about  2  feet  thick. 
About  60  feet  higher,  or  20  feet  below  the  Meigs  Creek  coal,  is  a  gray 
resistant  limestone  2  to  3  feet  thick,  the  Fishpot,  which  is  probably 
second  in  abundance  to  the  Lower  Pittsburgh.  The  total  supply  of 
limestone  easily  available  in  Center  Township  is  ample  for  the 
building  of  many  miles  of  good  pike,  but  little  work  of  that  kind 
has  been  done. 

The  Ames  limestone  is  of  little  or  no  value  because  of  its  slight 
thickness  in  Center  Township.  In  typical  exposure  it  is  a  single 
layer  of  brownish  color,  1  foot  or  less  thick.  In  the  southern  part 
of  the  township  it  consists  of  many  thin  bods  of  shaly  limestone  and 
calcareous  shale  10  to  15  feet  thick. 
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KABZON  TOWNSHIP. 
LOCATION   AND  SUBFAC19  FEATUBES. 

Marion  Township  occupies  an  area  of  about  24  square  miles  in  the 
8outh-central  part  of  the  Summerfield  quadrangle.  It  includes  the 
Tillages  of  Summerfield  and  Whigville,  on  the  Ohio  River  &  Western 
Railroad.  The  township  is  one  of  the  richest  in  mineral  resources 
in  Noble  County.  The  population,  as  given  in  the  Census  report  for 
1920,  was  1,246  people,  484  of  whom  lived  in  Summerfield. 

The  township,  with  its  present  boimdaries,  is  made  up  of  parts  of 
three  townships  of  the  early  system  of  surveys,  and  for  this  reason 
some  section  numbers  are  used  twice  in  different  parts  of  the  town- 
ship. In  the  two  eastern  tiers  the  sections  are  numbered  from 
south  to  north  and  in  the  remaining  portion  from  east  to  west  and 
then  back  and  forth,  beginning  with  the  northeast  comer  of  the 
township,  according  to  the  system  now  in  use  by  the  General  Land 
Office. 

Marion  Township  consists  of  a  highland  greatly  dissected  by  deep 
ravines  that  have  their  soiurces  on  the  principal  divides  in  the 
central  portion,  separating  northwar'd-flowing  branches  of  WiUs  Creek 
from  the  southward-flowing  waters  of  Duck  Creek.  The  elevations 
OQ  this  principal  divide  and  its  lateral  extensions  range  between  1,150 
and  1,250  feet  above  sea  level.  The  lowest  valley  in  the  southern 
part  of  the  township  is  that  of  East  Fork  of  Duck  Creek,  about  780 
feet  in  elevation,  and  the  lowest  in  the  northern  part  is  that  of  Seneca 
Fork  of  Wills  Creek,  about  840  feet  in  elevation.  The  valleys  of  Sen- 
eca Fork  and  its  tributaries  are  markedly  broad.  The  Seneca  Fork 
Valley,  with  its  marshy  bottomlands  nearly  half  a  mile  wide,  is 
occupied  by  a  sluggish  stream  that  follows  a  meandering  course 
unong  numerous  abandoned  oxbows  and  sloughs.  The  slight  fall, 
less  than  5  feet  to  the  mile,  makes  the  run-off  so  slow  that  floods  are 
common. 

OEOLOGIO  SECTION. 

The  Meigs  Creek  coal  is  the  one  coal  bed  that  appears  in  minable 
thickness  in  Marion  Township.  It  has  been  so  extensively  mined  by 
the  farmers  that  almost  every  farm  is  scarred  with  one  or  more 
prospect  pits.  In  opening  a  mine  the  entrance  is  seldom  securely 
timbered,  and  as  a  result  it  falls  sooner  or  later,  after  coal  has  been 
extracted  for  a  few  seasons.  Frequently,  therefore,  one  may  see  from 
uiy  good  point  of  view  on  a  hill  a  number  of  abandoned  mine  dumps 
^th  their  car  tracks  and  posts  at  the  mine  entrance. 

The  strata  overlying  the  Meigs  Creek  coal  consist  of  either  shale  and 
wditone  or  clay  and  limestone,  the  latter  being  most  prevalent  in 
the  eastern  part  of  the  township.    There  is  commonly  a  bed  of  olive- 


78  SUMMSBFIELD  AKD  W00D6FIELD  QUADRANGIiBS,  OHIO. 

green  clay  about  14  feet  above  the  coal.  The  character  of  the  beds 
above  and  below  the  Meigs  Creek  coal,  as  seen  near  the  railroad  1 
mile  northwest  of  Summerfield,  is  illustrated  by  the  following  section: 

Section  of  beds  at  horixon  of  Meigs  Creek  coal  near  railroad  1  mile  northwest  o/SummerJield, 

limestone,  white,  in  several  beds,  unmeasured.  FeH. 

Clay  shale,  olive-green 4 

Limestone  and  clay  shale 10 

Coal.  Meigs  Creek 5± 

Sandstone  and  sandy  shale,  unmeasured. 

About  120  feet  above  the  Meigs  Creek  is  another  coal,  the  Union- 
town,  which  appears  as  a  blossom  at  niunerous  points  on  the  ridges. 
Where  seen  in  fresh  exposures  in  railroad  cuts  and  ravines  it  consists 
largely  of  bony  coal  with  black  shale.  The  strata  above  it  are  either 
sandy  shale  or  thin-bedded  sandstone  about  50  feet  thick,  at  the  top 
of  which  is  a  bed  of  green  clay  and  a  few  feet  higher  a  coal  blossom 
which  marks  the  position  of  the  Waynesburg  coal,  a  bed  of  consider- 
able value  to  the  east,  in  Belmont  County.     (See  PI.  IV,  B,  p.  18.) 

The  strata  below  the  Meigs  Creek  coal  consist  of  several  limestone 
beds  alternating  with  sandy  shaJe  and  clay,  with  faint  "markers"  of 
coal  beds  that  are  of  importance  in  other  townships. 

A  record  of  strata  penetrated  in  well  No.  544  drilled  on  the  F.  L. 
Craig  farm,  half  a  mile  south  of  Steamtown,  is  given  below.  This 
record,  although  incomplete,  is  of  interest  because  it  shows  the  posi- 
tions of  the  principal  sands  with  reference  to  the  Meigs  Creek  coal  and 
the  names  applied  to  them  by  oil  men. 

Log  of  well  No.  544  on  F,  L,  Craig  farni. 
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STRUCTURE. 


The  dip  of  the  strata  in  Marion  Township  varies  considerably  both 
in  direction  and  degree.  In  general  it  is  southeastward  at  a  rate 
ranging  from  a  few  feet  to  50  feet  to  the  mile.  In  the  northwest 
comer  of  the  township  the  rocks  lie  nearly  flat  in  an  area  of  more  than 
a  square  mile,  and  to  the  southeast  in  the  succeeding  half  mile  they 
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dip  40  feet.  At  the  east  side  of  the  township  north  of  Summerfield 
the  rocks  dip  gently  westward  from  the  crest  of  a  small  anticlinal  fold 
Dear  the  township  line. 

The  structural  map  (PL  XII,  in  pocket)  is  constructed  from 
elevations  determined  on  the  Meigs  Creek  coal,  and  therefore  the 
direction  and  degree  of  dip  of  that  bed  at  any  point  can  readily  be 
ascertained  by  an  inspection  of  the  map.  In  opening  coal  mines  it 
is  desirable  that  the  site  for  the  entry  be  selected  on  a  hillside  where 
the  rocks  dip  toward  the  mine  entrance,  in  order  that  the  water 
may  drain  from  the  mine  workings  and  that  the  coal  may  be  delivered 
&t  the  mine  mouth  by  gravity.  The  structural  map  will  therefore  be 
us^ul  in  the  selection  of  locations  for  mines. 

MINERAL  RESOURCES. 

The  principal  mineral  products  of  Marion  Township  are  coal,  oil,. 
and  gas.  The  Simimerfield  gas  field,  one  of  the  most  valuable  ever 
discovered  in  which  the  gas  is  obtained  from  the  Berea  sand,  lies 
within  the  township.  In  the  southern  part  of  the  township  small 
quantities  of  oil  are  derived  from  the  500-foot  sand  and  also  the 
Berea  sand. 

COAL. 

BEDS  THAT  CROP   OUT. 

The  Meigs  Creek  coal  is  the  only  coal  bed  of  minable  thickness 
mcladed  in  strata  that  crop  out  in  Marion  Township.  The  Union- 
town  coal  bed,  115  to  140  feet  above  the  Meigs  Creek,  forms  a  con- 
spicuous blossom  at  a  few  places,  but  the  coal  is  so  shaly  and  bony 
hs  to  be  of  little  use.  Its  thickness  where  exposed  in  the  railroad  cut 
»t  Whigville  (PL  IV,  B)  is  as  follows: 

Section  of  Umontmt>n  coal  bed  at  WTdgrUle. 

Shale,  sandy.  Ft.  in. 

Coal 6 

Clay 2} 

Coal 1 

riayslude 1    6 

Shale,  bony 2    6 

Coal 8 

Shale,  unmeasured. 

The  extent  of  the  Meigs  Creek  coal  is  shown  on  Plate  VI,  and  its 
importance  as  a  local  source  of  fuel  is  evident  from  the  niunerous 
taines.  The  bed  was  formerly  mined  near  Steamtown  for  railroad 
shipment,  but  the  workings  have  been  abandoned.  In  an  area  about 
I  raile  in  width  along  the  east  side  of  the  township  the  coal  bed  is 
little  more  than  2  feet  thick.  This  is  probably  its  thickness  on  the 
hills  on  the  east  side  of  Glady  Run  north  of  Summerfield  and  also 
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along  tha  railroad  southeast  of  the  village.    To  the  west  the  bed  is 
beUevad  to  be  uniformly  4  feet  or  mors  thick. 

Sections  of  Meigs  Creek  coed  bed  in  Marion  Township. 
Vu  DjM  Biw.  arfM,  on  J.  a  SpvUaf  fiva.  1  arile  Mat  of  WUgHlto  (iMalKr  42). 

Shale,  unmeasured.  Ft.  fa. 

Shale,  black 10 

Coal 2      3 

Coal,  bony  with  ** sulphur '* 5 

Coal 1    10 

Clay  flhale.  

Thickneas  of  coal  btfd 4      6 


T.  C.  Hag«e  mine,  — ih»tt  of  nrikMd  m  OtatmtABwm  qiiiiHj  44). 

Clay  shale.  Ft.  in.  . 

Coal 5 

Clay 1      1 

Bone 2 

Coal 3      3 

Clay li 

Coal...: 1     3} 

Clay  shale.  

Thickness  of  coal  bed 4    10 

Where  measured  on  Lexington  Ridge  at  the  south  township  Une 
the  bed  is  4  feet  9  inches  thick  and  contains  no  clay  partings.  A 
mile  farther  west,  on  the  King  farm,  in  the  SE.  i  sec.  23  Qocality 
45),  the  bed  shows  a  thickness  of  5  feet,  with  1  foot  of  clay  above 
and  1  foot  of  roof  coal.  At  the  northwest  comer  of  the  township 
the  bed  is  as  a  rule  4  feet  thick  and  is  overlain  by  black  sbale  with* 
or  without  a  layer  of  roof  coal. 

COAL  BEDS  B£LOW  THE  SURFACE. 

One  or  more  coal  beds  are  recorded  in  a  number  of  wells  drilled 
for  oil  and  gas  in  Marion  Township.  The  positions  of  the  beds  range 
from  300  to  800  feet  below  the  Meigs  Creek  coal.  There  is  little 
rehable  evidence  as  to  the  thickness  of  these  beds,  and  their  iden- 
tification is  difi^cult  owing  to  their  seeming  lack  of  agreement  as  to 
position  with  reference  to  the  Meigs  Creek  coal.  The  Upper  Free- 
port  coal,  which  is  mined  at  Senecaville  and  near  Caldwell,  if  present 
n  Marion  Township,  probably  lies  about  560  feet  below  the  Meigs 
Creek  coal. 

UICBSTONB  AVD  BAKDSTOirB. 

The  limestone  beds  of  Marion  Township,  although  not  of  great 
thickness,  are  so  distributed  as  to  furnish  a  ready  source  of  material 
for  road  building  throughout  the  township.  A  pike  leading  north 
from  Summerfield  along  the  ridge  toward  Batesville  is  the  only  road 
that  has  been  improved  in  this  or  adjoining  townships. 
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One  of  the  most  useful  limestone  members  is  the  Lower  Pittsburgh, 
wUch  is  persistently  about  3  feet  thick.  It  Ues  50  to  100  feet  above 
tlie  yallejs  in  the  northern  part  of  the  township,  and  its  white  beds 
fonn  a  conspicuous  outcrop  on  the  hillsides.  The  same  limestone  is 
iko  seen  along  East  Fork  of  Duck  Creek  and  its  tributaries  in  the 
TEstem  part  of  the  township.  Other  limestone  beds  are  found  about 
30  ffet  below  the  Meigs  Creek  coal  and  also  above  it,  some  of  which 
ire  suitable  for  road  metal. 

StfidsUme  in  thick  beds  suitable  for  quarrying  operations  is  not 
pIfQtiful  in  Marion  Township.  The  most  promising  exposures  occur 
in  the  western  part  of  the  township,  where  beds  lying  about  50  feet 
below  the  Meigs  Creek  coal  form  a  prominent  terrace,  with  local 
(^tcrops  of  naassive  character. 

BNOCH  TOWlf SHIP. 

A  narrow  strip  along  the  north  mai^n  of  Enoch  Township  is  in* 
eluded  in  the  Sununerfield  quadrangle.  Fulda,  the  only  village  in 
the  township,  lies  on  a  ridge  1^  miles  to  the  souths  in  the  Macksburg 
ipiadraDgle.  The  portion  of  the  area  here  described  is  probably  best 
bown  on  accoimt  of  the  Salt  Run  and  Low  Gap  oil  pools,  in  which 
the  o3  is  derived  from  the  Buell  Run  sand. 

The  Meigs  Creek  coal  lies  well  up  in  the  ridges  at  elevations  ranging 
km  1,050  to  1,080  feet  above  sea  level,  or  100  feet  above  the  valley 
^  Buffak)  Creek  at  the  north  edge  of  the  township.  It  is  present 
nininable  amount  throughout  the  towndbip,  and  the  thickness  ranges 
W  5  to  7  feet  or  more.  The  value  of  the  bed  is  somewhat  lessened 
V  a  clay  layer  near  the  middle,  which  is  commonly  1  foot  thick. 
He  character  of  the  coal  bed  is  illustrated  by  the  following  section: 

Section  of  Meiffs  Cnet  coal  bed  in  lAUfrtnci  SSmfftr  m^^  near  Fulda. 

Shale  and  sandstone. 

Coal 

Clay 

Coal 

'  Clay. 

Thicknesi  of  bed 7      4 

In  Enoch  Township  the  Meigs  Creek  coal  is  overlain  by  sandstone 
|«r  sandy  shale  instead  of  limestone,  agreeing  in  this  respect  with 
locb  in  townships  to  the  east. 

I  STOCK  TOWNSHIP. 

'  LOCATION  AXD   SURFAOB  FEATURES. 

The  north  end  of  Stock  Township  is  included  within  the  Sunmier- 
Ud  quadrangle.  It  is  drained  by  East  Fork  of  Duck  Creek  and  its 
^butaries,  which  follow  in  general  a  southeasterly  direction.     East 
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Union  and  Carlisle,  situated  in  the  valley,  are  the  only  villages.  The 
number  of  inhabitants  in  the  town^p,  according  to  the  census  report 
of  1920,  was  934,  of  whom  105  lived  in  Carlisle. 

The  surface  is  moderately  ru^ed,  and  the  valleys  are  narrowei 
and  bounded  by  steeper  slopes  than  those  of  most  valleys  in  thi 
county,  especially  those  to  the  north  and  west,  in  Seneca  and  Cente] 
townships.  The  valley  of  Duck  Creek  lies  720  to  770  feet  above  sei 
level  in  this  township  and  is  bordered  by  ridges  whose  summits  ar< 
about  400  feet  iiigher.  The  highest  ridges  are  slightly  more  thai 
1,200  feet  above  sea  leveL 

GBOLOOIG   SECTION. 

The  most  conspicuous  bed  in  the  township  is  the  Meigs  Creek  coal 
which  is  mined  in  all  but  the  eastern  part  of  the  township.  It 
elevation  in  the  vicinity  of  East  Union  ranges  from  1,026  to  1,04J 
feet  above  sea  level,  or  about  270  feet  above  the  village.  The  coa 
dips  gently  to  the  southeast,  and  at  the  south  edge  of  the  quadrangle 
where  mined  in  the  hill  west  of  Duck  Creek,  it  lies  992  feet  above  se^ 
level. 

The  beds  above  the  Meigs  Creek  coal  consist  of  either  clay  an< 
limestone  or  sandstone.  The  sandstone  is  most  prevalent.  Aboil 
15  feet  above  the  coal  is  locally  a  bed  of  olive-green  clay,  which  is  s< 
peculiar  in  appearance  that  it  can  not  be  mistaken  for  any  other  be^ 
in  the  region.  The  only  trace  of  coal  in  rocks  above  the  Meigs  Creel 
coal  bed  is  about  138  feet  higher,  at  the  horizon  of  the  Uniontowi] 
which  is  marked  by  1  foot  or  so  of  bony  coal  or  black  shale.  Thi 
higher  strata  consist  largely  of  sandstone  and  sandy  shale  with  a  f  ei 
day  beds. 

The  succession  of  strata  usually  found  below  the  Meigs  Creek  coa 
is  shown  below. 

StdLvm  ofttnUa  behw  Meigt  Creek  coal,  in  Slock  ToumMp. 

FeeL 

Coal,  MeigB  Creek 2-4 

Shale  of  Bftndstone 28 

liimeBtone,  with  ccyd  marker  above 3 

Shale,  oandy,  with  one  or  more  beda  of  day  or  limeatone 48 

Limestone,  dark,  shaly 2 

Shale,  sandy 27 

Clay,  calcareous,  with  coal  marker  above  at  place  of  Pittsburgh 

coal 2 

Shale 19 

limestone,  Lower  Pittsburg  beds 4 

Clay  and  shale,  greenish  gray  to  brownish  red,  with  sandstone 

beds;  thickness  to  bottom  of  valley lOOdb 

The  Lower  Pittsburgh  limestone  probably  ranks  second  to  thi 
^'-"^gs  Creek  coal  in  its  prominence  as  an  easily  recognized  stratum 
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The  gray  boulders  form  conspicuous  outx^rops  on  the  hillsides  and  at 
waterfaUs  in  the  ravines.  There  are  higher  beds  only  slightly  less 
prominent,  and  the  township  is  therefore  supplied  with  an  abimdance 
of  eas^y  accessible  limestone  material  for  surfacing  its  roads.  There 
are,  hcf^erer,  no  pikes,  and  little  attempt  has  been  made  to  improve 
the  roads. 

COAL  BEDS. 

The  only  coal  bed  of  economic  importance  in  Stock  Township  is 
the  Meigs  Creek.  It  has  been  mined  by  the  fanners  at  dozens  of 
places  and  maintains  a  thickness  of  4  to  5  feet  throughout  the  town* 
ship  except  in  a  strip  at  the  east  side  less  than  2  miles  wide,  where  it 
thins  to  about  2  feet.  The  thickness  in  a  hollow  at  the  north  edge 
of  sec.  28  (locality  49) ,  and  also  half  a  mile  farther  north,  in  a  valley 
east  of  Curtis  Church,  is  about  2  feet.  On  the  hillside  a  few  hundred 
feet  west  of  liie  church,  in  sec.  85  (locality  48)  the  bed  is  a  little  less 
than  2  feet  thick. 

Half  a  mile  to  the  west  the  bed  is  several  feet  thick  and  locally 
consists  of  two  benches,  each  of  which  is  minable,  separated  by  a  few 
inches  to  a  foot  or  more  of  bony  coal  or  clay.  A  measurement  at 
the  mine  on  the  Martha  Curtis  farm,  in  sec.  25  (locality  46) ,  shows 
that  the  bed  is  without  partings  and  is  4  feet  9  inches  thick.  In  see. 
3  the  bed  is  much  broken  by  partings,  as  shown  in  the  following 
section: 

Sidion  of  Meigt  Creek  coal  bed  at  mine  on  J,  E.  BaUefarm^  NW,  i  sec.  ^,  S  miUi  tecfC 
of  Carlisle,  about  one-quarter  mile  south  of  SummerfUld  quadrangle. 

Sandstone.  ^  in. 

Coal 11 

Bone. 

Cla^r 8   " 

Coal 1      1 

"Soot" i 

Coal 2     1 

Bone J 

Cool 1    10 

Clay.  

Thicknefl0  of  bed 6    •'I 

BBAVBB  TOWNSHIP. 
LOCATION  AND  SURFACE   FEATURES. 

Beaver  Township  occupies  all  but  a  narrow  strip  at  the  west  side  of 
T.  8  N.,  R.  7  W.,  as  designated  in  the  original  land  survey.  Batesville, 
the  only  village,  is  near  the  center,  about  3^  miles  from  the  Baltimore 
t  Ohio  Railroad,  which  touches  the  northeast  comer.  The  popular 
tion  of  the  township  in  1920  was  1,190.    The  land  is  fairly  fertile 
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and  tobacco  is  the  principal  crop.  Coal  is  the  most  important 
mineral  product.  The  northeast  comer  of  the  township  is  underlain 
by  the  Pittsburgh  bed  in  minable  thickness,  and  the  northwest  half 
by  the  Meigs  Creek  bed.  ^ 

Beaver  Creek,  flowing  westward  through  the  central  poAion,  is 
the  principal  drainage  line  and  is  joined  by  a  number  of  parallel 
tributaries  from  the  north.  Those  from  the  south  are  few  and  small. 
This  unsynmietrical  arrangement  of  drainage  lines  is  true  not  only  of 
Beaver  Creek,  but  also  of  many  other  east  or  west  flowing  streams  in 
this  region,  which  have  a  number  of  long  tributaries  from  the  north 
and  only  a  few  short  ones  from  the  south.  Less  than  1  mile  south  of 
Beaver  Creek  is  a  divide  separating  its  waters  from  these  of  southward- 
flowing  branches  of  Seneca  Fork  of  Wills  Creek. 

The  valleys  are  bordered  by  fairly  steep  hills,  whose  sunmiits  are 
1,200  to  1,300  feet  above  sea  level.  They  are  considerably  higher 
than  those  to  the  west,  in  Wayne  Township,  and  the  surface  is  on  the 
whole  more  rugged  than  that  of  townships  on  the  west  and  east. 

GEOLOOIG  SEOnON. 

The  principal  members  of  the  geologic  section  in  the  northeastern 
part  of  the  township  are  the  Pittsburgh  coal  bed  in  minable  thickness 
and  a  prominent  sandstone  about  70  feet  higher,  at  the  base  of  which 
i9  the  Lower  Meigs  Creek  coal  bed,  1  to  2  feet  thick.  The  Meigs 
Creek  coal  is  missing  in  this  vicinity,  but  its  position  is  near  the  top 
of  this  sandstone,  or  about  35  feet  above  the  Lower  Meigs  Creek  coal. 
When  followed  in  a  southwesterly  direction  the  sandstone  gives  place 
to  sandy  shale  and  the  Meigs  Creek-coal  assumes  a  minable  thickness. 
In  the  same  vicinity  the  Pittsburgh  coal  abruptly  thins  to  a  mere 
blossom,  and  where  geologically  due  farther  southwest  it  is  missing 
altogether. 

The  Pittsburgh  coal  thins  southwestward  from  a  bed  4  feet  thick  to 
a  carbonaceous  streak,  within  less  than  1  mile.  The  overlying  and 
underlying  strata  are  much  the  same  where  the  coal  is  present  and 
where  it  is  lacking,  and  there  is  seemingly  little  evidence  as  to  the 
cause  of  the  change.  The  principal  diflFerence  is  a  thickening  of  the 
underlying  limestone  beds  in  the  barren  area.  There  may  have  been 
a  deepening  of  the  great  swamp  in  Pittsburgh  time  which  resulted  in 
the  formation  of  a  great  open  lake  that  afforded  favorable  conditions 
to  the  accumulation  of  thick  limy  muds  but  not  for  the  uninterrupted 
accoumulation  of  plant  materials  into  peat  beds. 

The  irregularity  of  the  Meigs  Creek  coal  bed  is  obviously  to  be 
ascribed  to  a  diflFerent  cause.  The  formation  of  a  peat  bed  of  uniform 
thickness  at  that  time  was  hindered  and  locally  prevented  by  the 
contemporaneous  deposition  of  quantities  of  sand,  possibly  at  the 
deltas  of  several  rivers. 
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Tha  saccession  of  strata  below  the  surface  is  illustrated  by  the 
fallowing  well  record : 

Log  of  well  No,  96  on  Roe/arm^  in  the  NW.i  mc.  19,  Beaver  Township. 

[Well  li0Ml  100  Ibet  below  Meigs  Ortek  eoAl.J 
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STRUCTURE. 

The  general  southeastward  dip  in  this  region  is  varied  in  Beaver 
Township  by  several  minor  flexures,  which  produce  considerable 
variation  in  the  direction  of  dip.  At  the  west  side  of  the  township 
is  a  shallow  synclinal  embayment  extending  northward  from  Sum* 
merfield.  To  the  east  this  is  paralleled  by  an  anticlinal  nose  extend* 
iog  southward  from  Quaker  City.  The  direction  of  dip  therefore 
T&ries  from  east  or  southeast  to  south,  southwest,  and  even  west. 
The  dip  is  at  most  40  or  50  feet  to  the  mile,  and  locally  as  little  as 
10  feet. 

MINSRAL  RfiSOURCBS. 

Oil  and  gas  have  long  been  produced  from  the  Temperanceville 
poo!,  a  portion  of  which  extends  into  Beaver  Township.  The  pro- 
ductive oil  sand  here,  as  well  as  in  the  Bamesville  pool,  to  the  north, 
B  the  Berea.  A  small  amount  of  oil  has  been  obtained  from  the 
Keener  sand  2^  miles  southwest  of  Batesville.  Coal,  limestone,  and 
sandstone  are  also  important  mineral  products  in  the  township. 

COAL. 

Of  the  coal  beds  that  crop  out  in  this  township,  the  Pittsbuigh, 
Umer  Meigs  Creek,  and  Meigs  Creek  are  the  only  ones  of  sufficient 
^lue  to  be  worthy  of  description.  Other  coals  far  below  the  surface 
bre  been  recorded  in  a  few  oil  wells,  but  the  information  available 
is  meager.  A  bed,  probably  the  Upper  Freeport,  is  found  in  wells 
irilled  on  the  Roe  farm,  in  sec.  19,  as  shown  in  the  record  above. 

PXTTSBUBOa  GOAL. 

The  Pittsburgh  coal  bed  crops  out  in  minable  thickness  in  only 
a  few  square  nuies  in  the  northeast  comer  of  the  township.  (See 
PI.  V,  p.  28.)     The  limiting  line  extends  roughly  from  Tempera"'* 
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yille  northwestward  toward  a  point  half  a  mile  south  of  Quaker 
City.  Southwest  of  this  line  the  Pittsburgh  coal  is  represented  by 
a  marker  of  black  shale  resting  on  the  Upper  Pittsbuigh  limesUme. 
Half  a  mile  west  of  Temperanceville,  on  the  C.  E.  Wilson  farm,  at 
the  south  line  of  sec.  4  (locality  11),  the  coal  as  indicated  by  a  rariiie 
exposure  is  only  a  few  inches  thick.  The  following  section  was 
measured  at  this  point: 

Section  thomng  $trata  at  horizon  o/Pitt9burgh  eoal  on  C  E,  Wilson  farm. 

Coal  blossom,  Pittobuigh,  thin. 

limeatone,  bluish  gray,  weathering  to  light  gray  with  yellowish  Feet 

mottUngs 5 

Clay  shale 20 

limestone,  gray,  with  ocherous  yellow  patches  and  brecdated 

structure 4 

Along  the  valley  in  the  N.  ^  sec.  4  are  small  mines  from  whic^  the 
Pittsbuigh  coal  has  been  taken,  and  the  thickness  of  the  bed  is  about 
4  feet.  Several  openings  have  been  made  on  the  Douglass  farm,  at 
the  north  side  of  sec.  10,  and  farther  north  up  the  valley.  The  coaJ 
is  reported  to  be  thin  in  the  ravine  west  of  the  crossroads,  but  to  b^ 
3  to  4  feet  thick  about  600  feet  farther  north.  It  is  reported  thai 
coal  3  feet  thick  was  once  dug  from  the  creek  bed  at  the  east  8id< 
of  sec.  17  locality  5).  A  good  thickness  is  found  at  the  head  of  thi 
valley  at  the  southeast  comer  of  sec.  12,  where  the  bed  has  bee! 
mined  on  the  Flood  farm.  To  the  west,  along  the  south  side  d 
sec.  12  and  across  the  border  of  sec.  18,  there  is  some  uncertainty 
whether  the  bed  is  of  minable  thickness.  The  same  is  true  in  thi 
NW.  i  sec.  18.  In  sec.  6  near  the  railroad  and  to  the  south  alonj 
the  township  line  the  bed  is  about  4  feet  thick  and  is  overlain  b^ 
sandstone  which  in  places  forms  an  undulating  contact  with  th 
coal.  The  sandstone  masses  extending  down  into  the  coal  are  callei 
''rolls"  or  "horses"  by  the  miners. 

LOWXB  UmOU  ORBBK  COAIi. 

The  Lower  Meigs  Creek  coal  is  persistent  throughout  large  area 
in  thicknesses  of  1  foot  or  less.  Locally  it  thickens  to  2  feet  and  ha 
been  stripped  for  home  use  at  a  few  places.  Its  position  is  75  to  8 
feet  above  the  Pittsburgh  coal  and  30  to  40  feet  below  the  Meig 
Creek.  In  sec.  11,  near  Tuckyho  School,  the  bed  is  slightly  moi 
than  2  feet  thick.  Where  seen  at  numerous  places  in  the  hills  soutl 
east  of  Batesville  the  thickness  ranges  from  1  foot  2  inches  to  1  foe 
7  inches,  but  toward  the  west  it  decreases  to  less  than  1  foot. 

MmOS  CABBK  OOAX. 

The  Meigs  Creek  coal  bed  in  minable  thickness  is  limited  to  tli 
ncM'thwest  half  of  Beaver  Township.  The  line  marking  the  limit  i 
minable  coal  extends  approximately  along  the  road  leading  fro] 
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Sommerfield  to  Batesville,  thence  east  1  mile,  north  through  the  cen- 
ter of  sees.  10  and  11,  and  northwest  toward  Quaker  City.  East  of 
tliis  line  the  bed  is  generally  less  than  1  foot  6  inches  thick  and  in 
places  is  a  mere  carbonaceous  streak.  West  of  the  line  the  thickness 
increases  to  about  4  feet.  ''Clay  veins"  and  ''horses''  that  give 
considerable  trouble  in  mining  are  common. 

North  of  Beaver  Creek  a  number  of  measurements  were  made,  as 
follows: 

At  the  C.  W.  Long  mine«  in  sec.  30  (locality  55),  the  bed  has  a 
tUckness  of  4  feet  5  inches,  at  a  roadside  exposure  in  the  SE.  i  sec. 
24  (locality  56)  it  is  4  feet  3  inches  thick,  and  at  a  roadside  exposure 
in  Ae  S.  i  sec.  18  (locality  57)  it  is  3  feet  3  inches  thick. 

A  section  of  the  Q.  W.  GriflSn  mine,  in  sec.  11  (locality  61),  is  given 
on  Plate  VI  (p.  32)  and  also  on  page  46.  A  sample  for  analysis  was 
taken  in  this  mine  (analysis  20185,  p.  40). 

Where  seen  in  a  slip  at  the  top  of  a  hill  half  a  mile  east  of  Batesville 
locality  60)  the  coal  is  about  3  feet  thick.  In  the  hills  west  of  Bates- 
nlle  its  thickness  is  in  most  places  about  4  feet.  In  a  few  places  there 
s  an  upper  layer  of  coal  separated  from  the  main  bed  by  a  foot  or 
80  of  day. 

About  1  mile  east  of  Palestine  Church,  in  the  NW.  {  sec.  14  (local- 
ity 59),  the  coal,  where  exposed  at  the  forks  of  the  road,  is  1  foot  3 
inches  thick.  The  Lower  Meigs  Creek  coal,  with  a  thickness  of  nearly 
-  feet,  appears  along  the  road  28  feet  lower,  imderlain  by  limestone. 
Half  a  inile  to  the  west,  in  sec.  20,  the  Meigs  Creek  poal  is  2  to  3  feet 
tUck,  and  farther  west  it  thickens  to  about  4  feet.  Over  the  coal 
b  a  massive  bed  of  coarse-grained  sandstone. 


Uon  of  Meigs  Creek  coal  in  Joseph  Morris  mine  in(heSW.\  sec.  26,  Beaver  TovmsMp 

{locality  S8), 
Shale.  Ft.  in. 

Goal,  impure 10 

Shale,  soft 1     2 

Cool 1     8 

Shale 2 

Coal 10 

Clay  and  * '  sulphur  " * . .         1 

Coal 2       i 

Clay  shale.  

Thickness  of  lower  bench 4      9} 

At  the  center  of  sec.  19  there  is  a  faint  blossom  of  the  Meigs  Creek 
€oal,  and  it  is  a  safa  conclusion  that  the  coal  is  not  present  in  minable 
thickaess  in  this^vicinity.  Exposures  seen  in  the  hills  to  the  west 
across  the  valley  indicate  a  thickness  of  3  to  4  feet. 


t 


:) 
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UmOHTOWN  AND  WATMBaBVEO  GOAL  BBIM. 

The  Uniontown  and  Waynesburg  coals  are  present  in  the  highest 
ridges  in  the  southeastern  part  of  the  township.  So  far  as  known, 
the  Uniontown  is  no  thicker  than  1  foot  at  any  point.  It  was  seen 
at  a  number  of  places  on  the  ridge  north  of  Calais.  The  Waynesburg 
coal  is  reported  to  be  almost  2  feet  thick  near  the  east  township  line 
in  sec.  2,  where  at  one  time  it  was  mined  for  use  on  the  Carpenter 
farm. 

LmSTOHX  AVB  SAHDSTOn. 

Beaver  Township  probably  has  a  greater  quantity  of  liniestone  in    . 
easily  accessible  outcrops  than  any  other  township  in  this  region.   .. 
A  fair  limestone  pike  has  been  built  the  greater  part  of  the  distance   , 
from  Summerfield  thi^ough  Batesville  to  Quaker  City,  but  aside  from 
this  almost  no  use  has  been  made  of  the  limestone.   Most  of  the  roads 
are  poor,  especially  those  along  the  valleys,  which  become  almost 
impassable  in  rainy  weather. 

The  positions  of  the  principal  beds  are  evident  on  any  hillside,  > 
owing  to  the  prominent  outcropping  white  layers  that  are  freshly  < 
exposed  each  year  through  the  slipping  of  the  loose  soil  co^er.  The  ^ 
Lfower  Pittsbiu^h  and  Upper  Pittsburgh  limestones  are  the  most  •< 
conspicuous.  Their  positions,  together  with  those  of  other  beds,  are  > 
illustrated  by  the  following  section  measured  along  the  road  at  the 
south  side  of  sec.  9 : 

Section  showing  limestone  beds  in  sec.  .9,  Beaver  Toumskip. 

( *oal  blossom,  Lower  Meigs  Greek.  Feet. 

Limestone,  Fishpot,  gray;  weathers  to  chalky  white 2 

Shale,  sandy;  forms  iteep  slopes 50 

Limestone,  dark  blue,  laminated 2 

Shale,  sandy ^ 

Limestone,  Upper  Pittsburgh,  gray 3 

Shale,  sandy 24 

Limestone,  Lower  Pittsburgh,  in  several  layers  forming  waterfalls  in 

nwine 7 

The  Fishpot  limestone  is  possibly  of  suflScient  purity  to  be  burned 
for  building  lime.  Other  beds,  although  somewhat  ferruginous,  are 
burned  by  the  farmers  for  agricultural  lime. 

Coarse  sandstone  in  thick  layers  occurs  below  the  Meigs  Creek  coal 
in  the  eastern  part  of  the  township.  It  is  conspicuous  north  and  south 
of  Temperanceville,  where  its  great  blocks  are  distributed  along  the 
hillsides  and  cliffs,  and  are  conspicuous  in  the  ravines.  A  similar 
sandstone  is  present  above  the  Meigs  Creek  coal  in  a.small  area  in  the 
northwestern  part  of  the  township. 

The  sandstone  in  the  vicinity  of  Temperanceville  and  northward  is 
rusty  brown  or  yellowish  gray  in  color  and  of  coarse  texture.     It  has 
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been  used  principally  for  foundations  and  bridges,  but  will  probably 
be  found  of  some  value  for  building.  Like  most  other  beds  of  the 
region,  however,  it  is  soft  and  loosely  cemented  and  therefore  does 
not  resist  weathering  to  the  extent  desired. 

BELMONT  COUNTY. 

The  portion  of  Belmont  County  included  in  the  Woodsfield  quad* 
rangle  is  the  southwest  comer,  comprising  Wayne  and  Somerset  town- 
ships and  parts  of  Warren,  Goshen,  Smith,  and  Washington  town- 
ships.  All  these  towoships  are  regular  in  shape  and  the  sections  1 
mile  square,  into  which  they  are  divided,  are  numbered  in  north- 
south  rows,  beginning  at  the  southeast  comer,  as  was  customary  in 
the  earliest  surveys  of  this  region. 

WABrREN  TOWNSHIP. 
SURFACE   FBATUBBS. 

Warren  Township,  the  southern  half  of  which  is  included  in  the 
Woodsfield  quadrangle,  has  a  greater  population  than  any  other 
township  in  the  area  here  described,  the  census  of  1920  showing  a 
t<)tal  of  6,770.  Bamesville,  a  town  of  4,865  inhabitants,  lies  in  the 
south-central  portion,  on  the  Baltimore  &  Ohio  Railroad,  which  fol- 
lows a  northeastward  route  across  the  township.  The  principal 
dinde  of  the  area,  separating  eastward-fiowing  tributaries  of  Ohio 
Rirer  from  branches  of  Tuscarawas  River,  extends  in  a  north-south 
direction,  and  on  it  the  hilltops  range  from  |1, 250  to  1,350  feet  in 
elevation.  The  least  elevation  is  about  900  feet  on  Leatherwood 
Creek  at  the  southwest  comer  of  the  township.  At  this  point  the 
railroad  track  is  about  1,025  feet  above  sea  level,  and  in  the  distance 
of  about  4  noiles  to  Bamesville  it  climbs  to  &bout  1,240  feet,  giving 
a  difficult  grade  up  which  heavily  loaded  trains  must  be  helped  by 
I  second  engine. 

The  surface  is  least  rugged  in  the  eastern  part  of  the  township, 
vhere  there  is  considerate  rolling  upland  that  is  broken  only  by 
shallow  valleys  occupied  by  the  headwaters  of  Captina  Creek  and  its 
tributaiy  Long  Rim.  This  poraon  is  best  suited  to  farming  both 
on  account  of  its  gonUe  topography  and  also  for  the  reason  that  the 
doil  is  enriched  by  the  decomposition  of  many  limestone  beds.  The 
western  portion  has  a  more  rugged  surface,  being  cut  by  many  deep 
ravines  with  steep  slopes. 

GEOLOGIC   SBCTION. 

The  rocks  that  crop  out  in  Warren  Township  have  a  thickness  of 
about  400  feet  and  include  in  ascending  order  the  upp^  portion  of 
the  Conemaugh  formation,  all  of  the  Monongahela,  and  about  100 
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feet  of  the  Washington.  The  rocks  of  the  Caaomaagh  formation, 
MB  shown  by  the  geologic  map,  crop  oat  only  along  Leatherwood 
CSreek  and  its  branches  and  in  the  valley  in  sec.  33.  The  ridges 
between  these  valleys  and  all  the  upland  to  the  east  consist  of 
strata  in  the  Monongahela  and  Washington  formations.  The  strati- 
graphic  sequence  is  illustrated  by  the  following  section,  which  is  a 
generalization  of  observations  made  throughout  the  township: 

OeneraHzed  wertion  in  deteending  order  ofHrata  mticropping  in  Warren  TomuMp. 

Wwhington  fonnatioii: 

Sandstone,  coaiw  grained ,  friable,  capping  the  ridges  east  and      P<^- 
eonth  from  Barnesville,  correlated  with  Mannington  sand- 
stone o(  West  Viiginia  Geological  Survey 40 

Coal,  Waynesburg  ''A/'  commonly  in  two  parts,  separated  by 
4  to  8  feet  of  shale.    Both  beds  thin. 

Shale  or  shaly  sandstone 45 

Monongahela  formation: 

Coal ,  Waynesburg;  too  thin  to  be  of  value  in  Warren  IVmnship. 

Shale  or  shaly  sandstone 48 

Coal,  thin,  Uniontown. 

Shale 7 

Limestone,  dark,  nodular,  containing  minute  fossils. 1 

Shale,  sandy 20 

limestone,  Benwood,  in  many  beds  interlain  with  clay  shale. 
In  the  ncnrthwest  half  of  the  township  the  limestone  is  miss- 
ing, and  in  its  place  is  sandy  shale  or  sandstone 68 

Coal,  Meigs  Creek;  of  workable  thickness  in  neariy  all  of 

township. , 4 

Sandstone  or  sandy  shale 18-^ 

Coal,  liower  Meigs  Creek;  of  variable  thickness;  contains  shale 

and  "sulphur"  bands 1-3 

Limestone,  Flshpot,  in  one  or  more  layers 1-3 

Shale  and  sandstone  with  one  or  more  beds  of  limestone 00-75 

Coal,  Pittsbuigh;*workab]e  throughout  the  township;  mined 

at  BaUeys  Mills 4 

Conemaugh  formation: 

Clay  and  limestone 4 

Shale,  sandy 19 

Ltmestone,  Lower  Pittsbuigh,  grayish,  with  rusty-brown  spots         3 
Sh^e  and  sandstone  and  beds  of  reddish-biown  clay 75 

Of  the  strata  represented  in  the  above  section  probably  the  best 
known  are  the  coals,  especially  the  Pittsburgh  and  Meigs  Creek. 
The  Pittsburgh  coal  is  mined  for  railroad  shipment  by  two  companies 
at  Baileys  Mills.  Thence  northeastward  along  the  valley  toward 
Bamesville  the  roadside  is  bordered  by  dozens  of  old  openings. 
^  1  in  the  Meigs  Creek  coal,  which  is  about  100  feet  higher 

,sburgh,  are  fewer,  and  at  present  only  one  mine  is  in 
ion  on  Leatherwood  Creek.  The  sandstone,  so  promi- 
ra  2  miles  west  of  Barnesvillei  locally  occupies  the  posi- 
3igs  Creek  coal  and  associated  strata. 
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Good  expoeuree  are  not  plentiful  in  the  eastern  part  of  the  town- 
ship, where  the  gentle  slopes  have  a  covering  of  soil  that  obscures 
outcrops.  Much  of  the  section  is  washed  bare  along  the  roadsides, 
ind  most  of  the  geologic  evidence  available  is  obtained  in  such 
plftces.  The  Meigs  Creek  coal  hes  in  the  bottom  of  the  valley  of 
North  Fork  of  Captina  Creek;  this  coal  and  a  thick  sandstone, 
probably  the  Mannington  sandstone  of  West  Viif^inia  reports, 
which  caps  the  ridges,  are  the  most  noteworthy  strata.  The  Imowl* 
edge  concerning  the  rooks  below  the  surface  is  obtained  from  records 
oi  oil  wells.  The  position  of  the  Upper  Freeport  coal,  which  is  mined 
Bear  Lore  City  and  other  points  to  the  west,  is  about  440  feet  below 
the  Pittsburgh  coal.  Its  presence  in  Warren  Township  has  not 
been  proved. 

STBUOTUItE. 

The  direction  and  amoimt  of  inclination  of  the  rock  beds  in  Warren 
Township  are  expressed  on  the  map  by  means  of  contours  representing 
the  'iay "  of  the  Pittsburgh  coal,  llie  general  dip  is  southeast,  with 
local  variations.  West  of  Barnes ville  is  a  low  fold  trending  northeast, 
bown  as  the  Bamesville  anticline.  The  Pittsburgh  coal  lies  at  an 
iltitude  of  about  1,080  feet  above  sea  level  along  its  crest  and  dips 
southeastward  to  920  feet  on  the  south  township  line.  The  dip  is 
locally  arrested  in  terrace-like  forms,  such  as  are  illustrated  by  the 
iltemate  spreading  and  close  grouping  of  the  contours  on  the  struc- 
toral  map  (PI.  XII,  in  pocket) . 

MINERAL  BBSOUItOKS. 

The  principal  mineral  products  of  Warren  Township  are  coal,  oil 
ffld  gas.    The  oil  and  gas  field  lies  on  an  anticline  west  of  Bamesville 
uid  the  product  is  derived  from  the  Berea  sand,  which  is  about  1,600 
'eet  below  the  Pittsburgh  coiJ. 

GOAL. 

The  stratigraphic  positions  of  the  principal  coal  beds  are  shown  in 
^e  geologic  section  on  page  16. 

FrrrsBUBGH  coal. 

The  Pittsburgh  coal  bed  maintains  a  thickness  of  at  least  4  feet 
through  nearly  all  of  Warren  Township.  The  only  exception  known 
is  a  small  area  at  Baileys  Mills,  where  the  coal  is  probably  reduced 
in Uiickness  by  a  sandstone  ''roll."  Its  character  along  the  outcrop 
o&  Leatherwood  Creek  and  branches  is  evident  in  dozens  of  openings, 
ud  there  is  no  reason  for  believing  that  it  is  not  equally  good  under 
<^ver  farther  east.  At  a  few  points  along  the  foot  of  the  hill  southwest 
of  Bamesville  the  coal  is  overlain  by  sandstone,  which  forms  an  un- 
even contact  with  the  coal.   Records  of  core  drilling  beyond  the  south* 
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eastern  limits  of  Warren  Township,  in  Wayne  and  Gf>8hen  townships^ 
also  show  that  at  two  places  the  value  of  the  coal  is  somewhat  impaired 
by  an  uneven  contact  of  the  overlying  sandstone. 

There  are  in  the  vicinity  of  Bailejrs  Mills  two  coal  mines  whose 
output  is  shipped  by  railroad — the  Cochran  mine  No.  2  of  the  Bixler 
Ohio  Coal  Co.  and  the  mine  of  the  Media  Coal  Co.  In  1916  these  were 
the  only  shipping  mines  operating  in  the  Pittsbuigfa  coal  within  the 
Summerfield  and  Woodsfield  quadran^es.  Samples  were  taken  in 
the  Cochran  mine  No.  2,  and  the  results  of  the  analyses  are  given  on 
page  39.  Sections  of  the  bed  are  given  on  page  44.  The  average 
make-up  of  the  coal  bed  is  illustrated  by  the  following  measurement: 

Section  of  PUUhurgh  coal  bed  in  G.  Wellen  mine,  I  mile  west  ofBamesville  {locality  7). 

Ft.      in. 

Coal 1      1 

**Bulphiip i 

Coal 1      9 

"Sulphur" i 

Coal 11 

Coal,  bony 3 

Clay. 

Thicknew  o<  bed 4      1 

LOWER  MEIGS  CREEK  COAL. 

The  Lower  Meigs  Creek  coal  bed  is  2  feet  thick  in  the  greater  part 
of  Warren  Township.  It  is  seldom  found  free  from  '^sulphur''  and 
shale  bands  and  has  never  been  mined.  It  is  of  little  importance, 
owing  to  the  accessibility  of  the  much  more  valuable  Meigs  Creek  and 
Pittsburgh  beds. 

In  the  valley  1  mile  northeast  of  Barnesville,  where  the  Lower 
Meigs  Creek  coal  has  been  exposed  in  the  quarrying  of  the  limestone 
that  underlies  it,  a  thickness  of  2  feet  6  inches  was  measured.  A 
shale  band  4  inches  thick  is  present  13  inches  above  the  base.  "Soot'' 
streaks  and  "sulphur''  impurities  are  also  conspicuous.  The  Meigs 
Creek  coal,  lying  20  feet  higher,  has  been  mined  here. 

On  both  sides  of  Leatherwood  Valley  southwest  of  Barnesville  the 
Lower  Meigs  Creek  coal  lies  under  sandstone  and  has  been  taken  out 
for  local  use  where  exposed  in  hillside  ravines.  Tlie  following 
measurement  was  made  below^  the  railroad  in  the  NE.  J  sec.  20: 

Section  of  Lover  Meigs  ('reek  coal  on  J.  T.  Forbes  farm ^  sec.  W^  Warrai  Town»hip. 

Ft.     In. 

Saudfltune,  coarse,  maasive 10 

Clay,  bluish  drab 1      2 

Coal,  bony 1       1 

Coal,  with  thin  Ptroake  of  bono  and  clay 1     11 

Shale,  dark  blue 1 

Ldmefitone 3 
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A  section  similar  to  that  just  given  was  seen  half  a  mile  to  the 
rmU  oD  the  other  side  of  Leatherwood  Creek.  The  same  coal  is 
present  in  Cat  HoUow,  in  sec.  19,  where  it  is  thicker  than  the  Meigs 
Greek  coal.  It  also  appears  as  a  blossom  on  the  road  1  mile  west  of 
Bimesville  but  was  not  seen  farther  west,  where  the  overlying  sand- 
>tone  becomes  unusually  prominent. 

KEIGS  CRBEK  GOAL. 

The  Meigs  Creek  coal,  which  is  second  in  value  to  the  Pittsburgh, 
i^  present  in  workable  thickness  on  the  greater  part  of  its  outcrop  im 
Warren  Township.  The  principal  exceptions  are  the  south  side  of 
Cat  Hollow  and  the  extreme  northwest  comer  of  the  township, 
There  the  value  of  the  coal  is  doubtful.  It  occurs  in  workable  thick- 
n^«:  along  Leatherwood  Creek,  northeast  and  north  of  Bamesville, 
tnd  westward  from  BamesvUle  for  about  2  miles.  The  coal  is  not  so 
good  as  the  Pittsburgh  coal,  and  the  bed  is  less  accessible,  especially 
in  the  ridges  in  the  western  half  of  the  township ;  hence  it  has  not  been 
niined  except  in  a  small  way,  and  few  mines  are  now  open.  In  the 
southeast  corner  of  the  township  this  coal  is  the  only  convenient 
source  of  fuel  for  the  farmers  and  has  been  mined  at  niunerous  places 
«iODg  branches  of  Captina  Creek.  Its  thickness  is  far  from  uniform 
4nd  ranges  from  2  to  4  feet. 

The  Meigs  Creek  coal  has  been  mined  for  years  in  sec.  20  near  the 
!iead  of  Lieatherwood  Creek  to  supply  the  Bamesville  market.  The 
Qiinable  portion  of  the  bed  as  shown  by  the  section  (p.  46)  is  3  feet 
2  inches  thick  in  the  Thomas  Davy  mine  (locality  63),  on  the  west 
side  of  the  valley.  A  sample  was  taken  here  for  analysis,  and  the  re- 
sults appear  on  page  40. 

In  the  Elmer  Hoag  mine,  1  mile  northeast  of  Bamesville,  in  the 
Talley  west  of  Tacoma,  the  Meigs  Creek  coal  consists  of  one  bench 
2  feet  8  inches  thick,  lacking  persistent  bands  of  '' sulphur '^  or  other 
impurities.  A  similar  thickness  is  foimd  in  the  hollow  north  of 
B&mesville.  Near  the  head  of  Cat  Hollow  (locality  62),  at  the  south 
nde  of  the  township,  the  coal  is  less  than  2  feet  thick. 

OTHBR  COAL  BEDS. 

The  Uniontown,  Waynesbuj^,  and  Waynesburg  "A''  coal  beds 
tfe  all  seen  in  roadside  exposures  in  the  eastern  part  of  Warren  Town- 
ship but  are  everywhere  too  thin  to  be  of  present  or  prospective 
value.  A  few  miles  to  the  south,  however,  the  Waynesburg  coal 
Mtains  a  workable  thickness,  and  to  the  east,  in  Goshen  Township, 
)>oth  the  Waynesburg  and  Uniontown  coals  are  minable. 

The  Uniontown  and  Waynesburg  coals  are  both  exposed  along  the 
ffcilroad  within  the  limits  of  Bamesville.    The  Uniontown  may  be 
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seen  in  a  cut  a  quarter  of  a  mile  southwest  of  the  station,  where  it 
consists  of  10  inches  of  bony  coal  overlain  by  carbonaceous  shale  and 
sandstone.  The  Waynesburg  crops  out  at  the  east  end  of  the  tunnel 
near  the  station  and  consists  of  13  inches  of  impure  coal  overlain 
by  8i  inches  of  bony  coal. 

UMSSTOVS. 

The  principal  limestone  beds  of  this  township  are  shown  in  the 
geologic  section  for  Warren  Township  on  page  90.  The  Lower 
Pittsburgh  limestone  is  separated  from  the  Pittsburgh  coal  by  about 
25  feet  of  sandy  shale  and  clay  with  a  thin  limestone  bed  (Upper 
Pittsburgh  limestone),  at  the  top,  close  beneath  the  coal.  A  typical 
exposiu*e  of  these  beds  may  be  seen  in  the  railroad  cut  at  the  mine  of 
the  Media  Coal  Co.,  half  a  mile  northeast  of  Baileys  Mills,  where  the 
limestone  consists  of  a  single  massive  layer  4  feet  thick,  underlain  by 
clay  and  nodular  limestone. 

The  Lower  Pittsburgh  limestone  is  valuable  chiefly  for  road  metal 
and  has  been  stripped  for  this  purpose  where  accessible  in  the  ravines. 
The  bed  is  persistent,  and  a  thickness  such  as  that  near  Baileys  Mills 
can  be  reUed  upon  throughout  the  greater  part  of  Belmont  County. 

The  Fishpot  limestone,  below  the  Lower  Meigs  Creek  coal  is  like- 
wise of  considerable  value  for  road  metal,  although  only  a  few  feet 
thick.  It  has  been  extensively  used  on  the  roads  near  BamesviUe. 
Where  quarried  at  the  Elmer  Hoag  coal  mine,  in  the  valley  1  mile 
northeast  of  BamesviUe,  it  consists  of  several  layers,  the  combined 
thickness  of  which  is  about  5  feet.  The  composition  of  the  rock  in 
this  vicinity  is  shown  by  analyses  on  page  51.  Similar  exposiu*es 
may  be  seen  in  the  ravines  on  both  sides  of  Leatherwood  Creek. 
West  of  BamesviUe,  in  sees.  27  and  33,  the  Umestone  has  an  ocherous 
yeUow  appearance  and  is  too  thin  to  be  of  value. 

The  Benwood  limestone  consists  of  numerous  layers  interbedded 
with  clay  and  calcareous  shale.  The  aggregate  thickness  of  the  beds 
is  60  to  70  feet.  Some  of  the  layers  are  sufficiently  firm  and  durable 
to  be  used  as  road  metal,  but  much  of  the  Umestone  is  argiUa- 
ceous  and  on  weathering  decomposes  to  calcareous  clay.  Through- 
out the  greater  part  of  Warren  Township  the  position  of  the  Benwood 
Umestone  is  occupied  by  sandy  shale  and  locaUy  by  sandstone, 
especiaUy  in  the  western  portion.  Toward  the  east  there  is  a  gradual 
decrease  in  sandiness  and  the  beds  become  more  calcareous.  The 
sandy  shale  and  thin-bedded  limestone  commonly  have  ripple-marked 
surfaces  and  fossil  sim  cracks,  indicating  deposition  in  water  of  slight 
depth  and  temporary  exposure  to  the  air.  The  Benwood  Umestone 
is  most  prominent  in  the  extreme  southeast  comer  of  the  township, 
along  North  Fork  of  Captina  Creek,  where  it  is  present  in  nearly 
typical  form. 
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SAVB8T0HB. 

The  most  conspicuous  sandstone  beds  in  Warren  Township  are  the 
one  below  tho  Meigs  Creek  coal  horizon  and  the  one  overlying  the 
Waynesbui^  ''A"  coal.  The  positions  of  these  beds  are  shown  in  the 
general  section  (fig.  2,  p.  16). 

Between  the  Meigs  Creek  and  Lower  Meigs  Creek  coals  is  locally  a 
massive  coarse-grained  sandstone  25  to  40  feet  thick.  This  is  promi- 
nent on  the  south  edge  of  the  township  and  also  in  tho  hills  2  miles 
7@t  of  Bamesville.  It  has  been  used  to  a  slight  extent  for  bridge 
abutments  and  foimdations  and  is  well  suited  for  such  purposes, 
sandstone  overlying  the  Waynesburg  ''A''  coal  is  conspicuous  on 

ridge  roads  leading  south  and  east  from  Bamesvillc.  It  is  loosely 
cemented  and  too  friable  to  be  well  adapted  for  construction.  It 
has  been  crushed  and  used  for  plastering  sand  and  would  probably 
be  suited  to  use  as  a  glass  sand  after  washing. 

Q08HBN  TOWNSHIP. 
SURFACE   FEATUiLES, 

The  north  boimdary  of  the  Woodsfield  quadrangle  is  formed  by  the 
fortieth  parallel  of  latitude,  which  extenc^  through  the  north-central 
part  of  Goshen  Township.  The  northern  portion  of  the  township, 
lying  within  the  Flushing  quadrangle,  is  crossed  by  the  Baltimore  & 
Ohio  Railroad,  on  which  are  the  villages  of  Bethesda  and  Belmont* 
Hie  southern,  more  hilly  portion  has  no  villages  but  supports  a 
fairly  large  rural  population.  In  1920  the  township  had  3,430  in- 
li&bitants. 

The  run-off  of  the  portion  within  the  Woodsfield  quadrangle  is 
ttrried  by  four  principal  streams — ^Long  Run,  Jakes  Rim,  Bend 
Fork,  and  Joy  Fork — all  of  which  flow  a  little  east  of  south  and 
empty  into  Captina  Creek.  Their  valleys,  although  only  moderately 
deep  and  narrow,  are  followed  by  little-used  wagon  roads  on  which 
tiiere  are  few  houses,  and  the  land  is  largely  abandoned  to  brush  and 
second-growth  timber.  Here  and  there  are  small  clearings  where 
tobacco  is  grown.  On  the  ridges  are  numerous  well-kept  farms  that 
form  a  marked  contrast  to  those  in  the  valleys.  The  least  elevations- 
00  the  floors  of  the  valleys  are  about  960  to  1,000  feet  above  sea  level. 
On  the  intervening  ridges  the  elevation  is  generally  1,200  to  1,300 
feet.  Exceptionally  high  knobs  are  in  sees.  14  and  9.  The  one  in 
aec.  14  is  marked  ''  1364 '^  at  the  triangulation  station  on  the  summits 
The  one  in  sec.  9,  shown  by  the  topographic  map  to  be  1,380  feet 
ibove  the  sea,  is  occupied  by  a  sohoolhouse. 
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GEOLOGIC   SECTION. 

The  direction  of  the  drainage  lines  and  their  gradient  in  Goshen 
Township  agree  fairly  closely  with  the  direction  and  magnitude  of 
dip  of  the  rocks;  hence  the  strata  exposed  along  the  valleys  are  much 
the  same  from  localities  near  the  sources  of  the  streams  southward 
across  the  township.  In  the  valley  of  Long  Run  are  exposed  the 
lowest  outcropping  strata.  The  thickness  of  all  the  strata  that  crop 
out  in  the  township  is  aboyt  450  feet. 

The  beds  at  the  surface  in  Ooshen  Township  include  the  upper 
two-thirds  of  the  Monongahela  formation  and  about  250  feet  of  the 
overlying  Washington.  The  stratigraphic  sequence  is  illustrated 
by  the  following  section,  compiled  from  observations  and  measure- 
ments made  at  several  places: 

Geologic  section  in  descending  order  of  strata  exposed  in  Goshtn  Township. 

Washington  formation:  Feet. 

Shale  or  shaly  sandstone,  commonly  reddish  brown. 

Limestone,  nodular,  gray 3 

Clay,  shale,  or  sandy  shale 67 

Limestone,  nodular  or  in  continuous  courses 2 

Shale 39 

Coal,  Washington,  in  two  layers  with  shale  or  clay  between 2-3 

Shale,  sandy,  grading  into  maasive  sansdtone  in  western  part 

of  township 55 

Coal,  Waynesbuig  **A,"  commonly  consisting  of  two  parts  sepa- 
rated by  S  to  12  feet  of  shale;  both  beds  ttdn. 
Clay  shale,  reddish  brown,  with  nodular  limestone  or  locally  a 

thin  bed  of  limestone 3 

Shale,  containing  sandy  layers  and  locally  beds  of  massive  sand- 
stone; Waynesburg  sandstone  member 45 

Monongahela  formation: 

Coal,  Waynesburg,  present  in  minable  thickness  along  outcrop 

in  eastern  part  of  township 1-4 

Shale,  sandy,  or  locally  massive  sandstone 50 

Coal,  Uniontown,  mined  on  Jakes  Run  and  Bend  Fork 1-^ 

Clay  shale  with  nodular  limestone 6 

Shale,  sandy 27 

limestone,  Benwood;  many  beds  of  limestone  with  interbedded 

clay  and  calcareous  shale 68 

Coal,  Meigs  Oreok 2-4 

Shale  or  shaly  sandstone,  unmeasured. 

Coal,  Pittsburgh,  not  exposed  in  township;  lies  100  feet  below 
Meigs  Creek  coal. 

Many  of  the  beds  recorded  in  the  above  section  change  greatly 
in  appearance  from  place  to  place.  The  coals  are  not  persistent, 
sandstone  occupies  tlie  place  of  limestone  beds,  and  shale  grades 
laterally  into  sandstone.  In  the  western  part  of  the  township  coarse 
sandstone  overlies  the  Waynesburg  *' A''  coal;  farther  east  this  sand- 
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stone  gires  plac§  to  red  shale,  day,  and  limestone  beds  such  as  are 
tjpicaUy  exposed  at  the  yiUage  of  Hunter.  Along  Bend  Fork  the 
sindstones  over  the  Waynesbuig  and  Uniontown  coals  appear  and 
disappear  in  a  confusing  manner. 

STBUOTtTRS. 

The  dip  of  the  strata,  as  shown  by  the  contour  map  of  the  Pitts- 
boighcoal  (PL  XII,  in  pocket),  is  a  little  south  of  east  at  a  rate 
ranging  from  15  to  60  feet  to  the  mile.  The  amoimt  of  dip  across 
Goshen  Township  is  about  220  feet,  the  Pittsburgh  coal  being  970 
feet  above  sea  level  at  the  greatest  elevation  and  750  feet  at  the 
least.  The  terrace-like  undulations  of  the  coal  are  shown  by  the 
alternate  close  spacing  and  spreading  of  the  contour  lines  on  the 
map. 

MINERAL  BESOUBOES. 

The  principal  mineral  product  in  Ooshen  Township  is  coal.  There 
are  also  sandstones  that  may  be  considered  as  of  prospective  value. 
Xo  oil  or  gas  of  consequence  has  been  discovered,  but  the  township 
iias  by  no  means  been  thoroughly  tested,  and  there  is  a  possibQity 
that  valuable  pools  may  be  f  oimd  here. 

COAX.. 

The  outcropping  coals  recorded  in  the  general  section  (p.  16)  vary 
considerably  in  thickness  from  place  to  place,  and  the  limits  of  minable 
areas  can  be  determined  only  by  careful  prospecting.  The  Pitts- 
burgh coal,  which  lies  below  the  surface,  is  far  more  reliable,  and 
there  is  good  reason  for  believing  that  it  holds  a  thickness  of  at  least 
4i  feet  throughout  nearly  all  the  township. 

phtbbitsoh  goal. 

The  Pittsburgh  coal  is  about  60  feet  below  the  surface  on  Long 
Eirn,  in  the  southwest  comer  of  the  township,  and  160  to  180  feet 
below  in  the  valley  of  Bend  Fork.  It  has  been  tested  by  core  drilling 
at  five  points  and  is  recorded  in  a  number  of  wells  drilled  for  oil 
The  records,  except  that  of  well  No.  14,  drilled  on  Long  Run  in 
section  31,  indicate  that  the  coal  is  of  uniform  thickness,  approxi- 
mating 5  feet.  Additional  information  from  adjacent  areas  leads 
to  the  belief  that  the  Pittsburgh  coal  is  a  valuable  bed  throughout 
Goshen  Township  with  the  possible  exception  of  the  southwest 
comer.  Core-drill  record  No.  14  shows  the  coal  to  be  only  3  feet  4 
inches  thick  and  overlain  by  sandstone.  About  1}  miles  to  the  south- 
east, in  sec.  23,  Wayne  Township,  the  bed  is  even  thinner,  being 
only  2  feet  5^  inches  thick  and  overlain  by  sandstone  as  recorded 
in  test  hole  No.  16. 

97812—23 7 
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A  record  of  diamond-drill  hole  No.  17,  on  the  T.  J.  Hatcher  fano, 
in  the  Y$Uey  of  Bend  Fork,  in  the  NW.  i  seo.  1,  is  giren  below.  The 
elevation  of  the  surface  ia  990  feet,  and  the  depth  to  the  coal  188  feet. 
The  record  was  obtained  from  Prof.  F.  A.  Rsj,  of  Colnmbua,  Qiao. 

Steord  nfcon^biU  KoU  No.  17,  «n  T.  J.  moAtrfarm,  OoAtn  TWufttp. 


iSSuat''.. 


CUT  l[PltUbur(h  amQl.. 


^ 


The  thickness  of  the  Fittaburgh  coal  in  the  other  coal  tost  holes 
drilled  in  Goshen  Township  is  as  follows; 

n.    bL 

Hole  No.  18,  8E.  1,  Bee.  1 6    1 

Hole  No.  16.  SE.  i,  sec.  1« ft    1 

NE.J,eec.ft 6    4} 

IIBI08  CKIBK  GOAL. 

The  Meigs  Creek  coal,  lying  about  100  feet  above  the  Pittsburgh, 
appeals  in  outcrop  in  the  valley  of  Long  Run  in  sees.  25,  31,  and  32. 
It  has  been  mined  temporarily  at  several  places  for  countiy  use,  and 
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tee  are  now  two  small  mineB  in  operation  (PL  III,  A).  The  foUow- 
i^teotion  was  meaanred  in  an  opening  on  the  A*  H.  Peddicord 
fnu  Qooality  67),  in  the  SW.  i  aec.  25: 

8mtkmqfM€Sg9  Cnek  eoal  bedin  PMiarrd  Mini,  Qothen  ToumMp  (loeality  67), 

Clay,  immeimired.  Ft.  in. 

Coia 2  10 

Clay i 

Coel 1  3 

diyahale. 

ThicknoflB  of  bed 4  1} 

A  section  similar  to  the  above  is  reported  a  short  distance  north 
on  Long  Run.  About  1^  miles  downstream  the  thickness  is  some- 
what less.  The  thickness  of  the  Meigs  Creek  coal  under  cover  on 
Bend  Fork,  as  shown  by  several  diamond-drill  test  holes,  is  repre- 
inted  in  the  following  tabulation: 

Ft.  In. 

Hole  No.  18t  SE.  i,  aec.  1 3  2 

Hole  No.  17,  NW.  i,  aec.  1 2  6 

Hole  No.  15,  SE.J,  eec.  16 8  10 

UNIONTOWN  COAL. 

Hie  Uniontown  coal  bed  crops  out  low  in  the  valley  of  Bend  Fork 
ind  Jakes  Rim  and  lies  100  to  130  feet  above  the  valley  floor  of  Long 
EuL  It  has  been  mined  at  numerous  places  on  the  first  two  streams, 
hit  is  not  believed  to  be  present  in  minable  thickness  at  any  point 
abng  Long  Rim  or  its  tributaries,  and  at  several  places  where  ob- 
nrved  it  consists  largely  of  carbonaceous  shale.  The  most  promis- 
iog  exposure  is  at  locality  100,  in  sec.  31  (see  measurement,  p.  101), 
ilifire  the  coal  is  about  3  feet  thick  and  contains  three  layers  of 
Aale  each  several  inches  thick. 

The  Uniontown  coal  is  called  the  ^'Three-Foot  soft  coal"  by  the 
lomers,  in  order  to  distinguish  it  from  the  Waynesburg,  which  is 
known  as  the  ''Four-Foot  hard  coal."  It  is  as  a  rule  high  in  ash  and 
enntfifnff  One  or  more  shale  partings  1  to  3  inches  in  thickness,  which 
aay  be  so  intimately  intercalated  with  the  coal  that  their  exclusion 
a  mining  ig  difficult.  This  feature  is  illustrated  in  the  following 
lection  measured  in  the  C.  J.  Van  Fossen  mine  in  the  NE.  i  sec.  20,  a 
new  of  which  is  given  in  Plate  IV,  A : 

iteHenof  Uwontaum  eoal  hid  in  C.  J.  Van  Foaen  mine,  Ooshen  Tawntkip  (locality  101). 

Shale.  Ft.  in. 

Cool 1      1 

Shale 1-4 

Coal 11 

ClayBhale 3J 

Ck)al 9 

fihale. 

ThickneM  of  bed 3  4) 
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In  a  drift  recently  opened  on  the  Ewars  f ann,  in  sec.  13  (locality  1(M 
neariy  1  mile  downstream  from  the  Van  Fossen  faim,  the  coal  diffel 
from  its  usual  appearance  in  that  it  is  a  bed  3  feet  11^  inches  thicl 
free  from  shale  bands.  No  such  favorable  showing  was  seen  els 
where. 

The  Uniontown  coal  has  been  mined  in  a  small  way  at  numerot 
places  on  Bend  Fork,  and  its  character  is  illustrated  by  the  secti( 
given  below. 

SecHon  of  UniorUoum  eoal  bed  an  John  Wharton  farm^  in  tec,  15 ,  GoAen  Townd 

(locality  102), 

Sandatone,  coane,  iiregular  bedded.                                               Ft.  in. 

Shale 4 

Coal,  with  shale  Btreaka 1  10 

Clayahale 4 

Coal 1  1 

Shale. 

ThicknesB  of  bed 3  3 

In  the  Peter  G.  Kemp  property,  in  sec.  1  (locality  103),  the  make- 
of  the  bed  is  similar  to  that  shown  above,  but  the  thickness  is  onl] 
feet  lOi  inches.  The  measurements  and  results  of  analysis  of  a  sam] 
are  given  on  pages  47  and  40,  respectively. 

On  Bend  Fork,  especially  in  the  southeast  comer  of  Ooshen  To^ 
ship,  cross-bedded  sandstone  Ues  close  above  the  Uniontown  coal  d 
has  locally  affected  the  thickness  and  quality  of  the  coal  bed,  wh 
is  far  from  imiform.  A  measurement  in  the  Gatten  mine  (loca] 
104) ,  near  the  south  township  line,  gives  a  section  similar  to  tha^ 
the  Eemp  mine,  but  at  several  places  less  than  1  mile  farther  do^ 
stream  the  bed  is  too  thin  to  be  of  value.  It  is  likewise  lacking  wb 
the  road  crosses  Packsaddle  Run  in  sec.  15,  where  there  is  at  its  horij 
only  a  layer  of  dark  clay  overlain  by  cross-bedded  sandstone. 

WATNBSBURO  COAIi. 

The  area  of  minable  coal  in  the  Waynesburg  bed  in  Goshen  Td 
ship  is  considerably  less  than  that  of  the  Uniontown,  which  liec 
feet  lower.  The  Waynesburg,  like  the  Uniontown,  is  invariably  1 
in  ash,  an  analysis  showing  16  per  cent;  but  it  differs  from  the  XJiil 
town  coal  in  that  shale  bands  are  not  common  in  the  midst  of 
coal  bed.  The  Waynesbui^  coal  is  also  hard  and  tough,  and  for 
reason  is  called  the  "  Four-Foot  hard  coal "  by  the  people  who  min 
The  bed  has  a  workable  thickness  along  the  greater  part  of  Bend  I 
in  its  course  across  Goshen  Township  and  is  also  known  to  be  of  si 
value  near  the  head  of  Jakes  Run  and  on  Long  Run  and  its  bran^ 
in  sees.  25  and  31.  In  the  H.  S.  Phillips  mine,  at  the  center  of  se< 
(locality  123),  the  coal  is  4  feet  1  inch  thick  and  has  no  ahale 
purities.    The  roof  is  massive  sandstone  about  12  feet  thick. 
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Other  exposure  of  the  Waynesburg  coal  was  found  in  this  vicinity. 
Where  seen  to  the  southwest,  west,  and  north,  at  points  about  1  mile 
distant,  the  coal  is  somewhat  thinner.  On  the  lull  road  leading 
vest  from  the  valley  in  sec.  31  the  following  section  was  measured: 

Section  of  coal  beds  on  road  in  sec.  31  {locality  100), 
Shale. 

Waynesbuigcoal:  Ft.    fn. 

Goal,  with  earthy  bands 2     3 

Shale 1 

Coal 2 

Shale,  aandy 4Q 

I'niontown  coal: 

Coal,  with  earthy  bands 6 

Shale 4 

Coal 2J 

Shale 2 

Coal 7J 

Shale 3 

Coal lOi 

Clay. 

Od  the  Mead  farm,  on  a  branch  of  Jakes  Rim  in  the  SW.  \  sec.  21 
flocality  124),  the  Waynesburg  coal  has  been  stripped,  and  a  thick- 
iiess  of  2  feet  is  reported.  No  workable  thickness  was  discovered 
(isewhere  on  this  stream  except  to  the  south,  beyond  the  township 
be,  where  the  bed  has  been  mined  near  Hunter. 

The  Waynesburg  coal  is  probably  of  minable  thickness  throughout 
its  outcrop  on  Bend  Fork,  except  in  a  portion  of  sec.  1  and  in  sees. 
15  and  22,  near  the  head  of  Packsaddle  Run.  On  the  roadside  in 
dtt  NW.  \  sec.  15  Oocality  126)  a  thickness  of  about  2  feet  was 
^nred.  At  the  south  edge  of  sec.  1,  on  the  road  leading  west  up 
tie  hiD,  the  coal  shows  only  a  thin  blossom.  An  unsuccessful  search 
(or  the  coal  was  made  in  the  north-central  part  of  the  same  section, 
^ear  the  northwest  comer  there  is  an  old  opening  (locality  129)  in 
^ch  the  thickness  is  reported  to  be  3  feet.  Westward  in  the  hollow 
It  sec.  7  locality  128)  a  section  measured  in  the  J.  D.  Milhoan  mine 
d)ows  a  thickness  of  3  feet  2  inches.  The  analysis  of  a  sample  taken 
|it  the  Milhoan  mine  is  given  on  page  41  (No.  20174)  and  the  detailed 
liection  on  page  48.  The  heating  value  is  similar  to  that  of  samples  of 
It^niontown  coal,  being  11,610  British  thermal  units,  but  considerably 
jless  than  that  of  the  Pittsburgh  coal,  which  averages  about  12,800 
British  thermal  units  in  this  region. 

'  Another  measiu*ement  of  the  Waynesburg  coal  made  in  the  Ross 
IGr^  mine,  in  sec.  15  (locality  127),  gives  a  thickness  of  3  feet  6 
i&ches  of  clear  coal.  No  openings  were  foimd  farther  north  on  either 
l^ranch  of  Bend  Fork  and  information  as  to  the  thickness  as  repre- 
'^ted  on  the  map  (PI.  VIII,  p.  34)  is  based  on  roadside  and  ravine 
i^^poeures,  none  of  which  permit  accurate  measurements  of  the  bed. 
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On  the  east  edge  of  the  township,  in  the  valley  of  Joy  Fork,  the 
coal  has  been  mined  both  by  stripping  and  by  drifting,  and  the  thick- 
ness is  reported  to  be  about  3  feet. 

WA8HINOTON  COAL. 

The  Washington  coal  is  far  more  persistent  than  either  the  Union- 
town  or  the  Waynesbiug,  being  1^  to  2^  feet  thick  throughout  nearly 
all  its  outcrop  in  the  township.  It  is  of  little  value,  however,  on 
accoimt  of  its  high  ash  content  and  also  because  the  bed  is  conmionly 
divided  into  two  benches  by  a  layer  of  shale  6  to  18  inches  thick. 
There  arc  few  places  where  the  coal  has  been  taken  from  imdergroimd 
workings,  but  it  has  been  stripped  where  the  cover  is  slight  in  dozens 
of  ravines,  and  there  is  hardly  a  farm  where  it  has  not  been  prospected. 

The  principal  evidence  as  to  its  thickness  is  obtained  in  roadside 
and  ravine  exposures.  On  the  hillside  at  the  south  edge  of  sec.  13 
(locality  77),  east  of  Himter,  the  coal  is  2  feet  6  inches  thick,  and 
beneath  it  is  5  feet  of  clay  shale,  imderlain  in  turn  by  10  inches  of 
coal.  The  Waynesburg  ''A"  coal,  exposed  on  the  same  road  50 
feet  lower,  has  a  thickness  of  1  foot  1  inch.  Few  opportunities  were 
foimd  elsewhere  for  measurement  of  the  Washington  coal,  but  it 
seems  probable  that  the  thickness  of  2^  feet  at  Hunter  is  somewhat 
above  the  average  and  that  the  coal  is  2  feet  or  slightly  less  in  thick- 
ness in  the  northeastern  part  of  the  township.  Its  only  use  will 
be  as  a  fuel  for  the  farmers  living  on  the  ridges  remote  from  other 
sources  of  supply. 

Another  coal  12  to  18  inches  thick  occurs  20  to  25  feet  above  the 
Washington  coal  in  the  northeastern  part  of  Goshen  Township.  To 
the  east,  in  Washington  Township,  this  higher  coal  is  in  places  more 
prominent  than  the  Washington. 

LZMX8T0HZ  AlTD  SAUDSTOHZ. 

The  principal  limestone  exposures  in  Ooshen  Township  are  in  the 
valley  of  Long  Run,  where  the  Benwood  limestone,  overlying  the 
Meigs  Creek  coal,  crops  out.  Many  of  the  beds  are  too  ar^aceous 
to  be  durable  and  hence  are  not  well  suited  for  use  as  road  metal. 
There  are,  however,  more  resistant  layers,  especially  near  the  top, 
which  are  excellent  for  this  purpose.  These  uppermost  beds  form  the 
valley  floors  of  Jakes  Run  and  Bend  Fork,  where  they  would  furnish 
large  quantities  of  easily  obtainable  material. 

The  strata  above  the  Benwood  limestone  consist  largely  of  sand- 
stone,  shalC;  and  clay,  with  little  limestone.  Almost  the  only  beds 
of  limestone  are  above  the  Washington  coal,  one  being  40  feet  and 
another  100  feet  higher.  These  limestones  are  conspicuously  exposed 
in  the  vicinity  of  Himter  and  in  the  ridges  to  the  northeast.  They 
consist  of  nodular  limestone  embedded  in  clay,  or  of  one  to  three 
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continuoiis  layers,  each  about  1  foot  thick.  These  beds  by  their 
decompoflitioii  enrich  the  soil,  but  otherwise  they  are  of  UtUe  im- 
portance. 

The  most  widespread  sandstone  members  of  this  township  overlie 
the  Uniontown  and  Wajnesburg  coals.  These  are  locally  massive 
and  favorable  for  quarrying  and  suited  for  use  in  bridge  foundations 
and  oth^  structures.  The  less  massive  sandstone  is  so  irregularly 
bedded  that  it  does  not  favor  easy  quarrying.  Small  quantities  of 
the  rock  are  taken  out  from  time  to  time  for  local  use. 

The  sandstone  overlying  the  Uniontown  coal  has  its  most  promi- 
nent development  along  Bend  Fork.  It  is  as  a  rule  cross-bedded  and 
made  up  of  lenticular  layers  which  closely  overlie  the  coal  or  are 
separated  from  it  by  a  few  feet  of  sandy  shale.  Few  exposures 
show  rock  suitable  for  quarrying. 

The  Waynesburg  sandstone  in  massive  form  is  not  present  through- 
out large  areas.  At  the  Phillips  coal  mine,  in  sec.  25,  it  has  a 
thickness  of  about  12  feet.  A  similar  thickness  was  seen  on  Bend 
Fork  and  its  branches  in  sees.  9  and  15. 

80XBBSBT  TOWNSOaZP* 
8USFACE  FEATUBES. 

Somerset  Township  is  an  area  6  miles  square  which  in  terms  of  the 
early  land  surveys  is  designated  T.  7  N.,  R.  6  W.  All  the  sections 
except  those  in  the  west  and  north  rows  have  each  an  area  of  ap* 
proximately  1  square  mile.  The  principal  villages  are  Temperance- 
ville  and  Somerton,  in  the  west  and  east  central  portions,  respectively. 
The  extreme  northwest  comer  of  the  township  is  crossed  by  the 
Baltimore  &  Ohio  Railroad,  which  follows  the  valley  of  Leatherwood 
C^k. 

The  time  is  not  remote  when  one  or  more  railroads  will  be  built 
across  the  township  for  the  exploitation  of  the  Pittsburgh  coal  which 
underlies  all  but  the  extreme  southwest  comer.  A  favorable  route 
would  be  from  the  west  up  Beaver  Creek  to  Temperanceville,  thence 
up  the  valley  to  the  northeast,  and  through  the  divide  into  the  Slope 
(Veek  valley  by  a  short  timnel.  The  route  down  the  Slope  Creek 
valley  past  Somerton  is  direct  and  furnishes  an  excellent  grade. 
From  Somerton  eastward  in  Wayne  Township  along  South  Fork  of 
Captina  Creek  there  would  necessarily  be  nimierous  cuts,  timnels, 
and  bridges,  owing  to  the  exceeding  crookedness  of  the  valley.  North 
Fork  of  Captina  Creek  is  less  objectionable  in  this  respect  and  could 
be  reached  by  a  route  up  Cat  Hollow  or  Dog  HoUow  from  Baileys 
Mills. 

Somerset  Township  contains  the  dividing  ridge  which  separates 
eastward-flowing  tributaries  of  Captina  Creek  from  westward-flowing 
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streams  that  empty  into  Wills  Creek  and  eveiitually  into  Tuscarawas 
River.  All  the  vaUeys  west  of  this  divide  have  a  mature  aspect  that 
is  lacking  in  those  east  of  the  divide.  The  valleys  of  the  westward- 
flowing  streams  have  been  cut  to  a  moderate  gradient  almost  to  their 
sources,  and  the  streams  flow  in  wide  bottoms  bordered  by  high 
ridges.  These  valleys  at  points  1  mile  from  their  sources  are  uni- 
formly about  1,000  feet  above  sea  level,  whereas  across  the  divide  to 
the  east  points  on  streams  at  similar  distances  from  the  sources  are 
100  to  150  feet  higher.  The  1,000-foot  contour  is  not  reached  in 
branch  vaUeys  of  Captina  Creek  within  the  township,  being  5  to  6 
miles  from  its  headwaters. 

All  points  on  the  principal  divide  are  higher  than  1,200  feet  in 
elevation,  and  numerous  sunmiits  extend  above  1,300  feet.  The 
ridge  near  the  township  line  in  sec.  .30  is  1,360  feet  above  sea  level, 
and  several  hills  southeast  of  Boston  reach  about  1,350  feet. 

The  valley  slopes  have  been  terraced,  as  a  result  of  the  unequal 
hardness  of  the  rocks,  and  this  feature  not  only  adds  to  the  beauty 
of  the  hills,  but  aids  in  farming  the  land.  Rain  water  in  its  down- 
ward percolation  through  sandy  strata  is  interrupted  by  day  beds 
associated  with  coals,  and  the  water  is  led  to  the  surface  along  the 
terraces,  forming  springs  that  furnish  a  clue  to  the  position  of  such 
beds.  Certain  sandstone  members  have  locally  attained  great 
prominence,  and  several  of  these  border  the  deep  valleys  in  the 
western  part  of  the  township,  producing  shelving  cliffs  and  massive 
blocks  which  contribute  a  picturesque  beauty. 

GBOLOOXO  SBOnOK. 

The  deep  valleys  near  the  western  edge  of  the  township  have  been 
cut  below  the  position  of  the  Pittsburgh  coal,  which  is  mined  in 
the  vicinity  of  Temperanceville  and  in  Dog  Hollow.  Its  elevation 
at  those  places  is  a  little  more  than  1,000  feet  above  sea  level.  The 
general  southeastward  dip  carries  the  bed  below  850  feet  in  elevation 
in  the  southeast  comer  of  the  township.  In  the  valley  at  Somerton 
it  is  about  170  feet  below  the  surface  and  the  Meigs  Creek  and  Lower 
Meigs  Creek  coals  are  also  below  the  valley.  The  Waynesbuig  coal 
is  mined  in  the  neighboring  hills,  and  the  Washington,  a  still  higher 
bed,  crops  out  on  the  highest  ridges.  Its  position  is  about  380  feet 
above  the  Pittsburgh  bed.  If  the  strata  above  the  Washington  coal 
and  those  outcroping  below  the  Pittsburgh  are  included,  the  total 
thickness  of  rocks  exposed  in  Somerset  Township  is  about  530  feet. 

An  illustration  of  the  nonpersistence  of  sandstone  members  is 
found  in  the  beds  lying  between  the  Lower  Meigs  Creek  and  the  Meigs 
Creek  coals.  In  Dog  Hollow,  at  Temperanceville,  and  farther  south 
on  the  headwaters  of  Rock  Creek  massive,  cliff-forming  sandstone 
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occupies  this  horizon  and  extends  above  the  position  of  the  Meigs 
Creek  coal,  which  is  thin  or  lacking.  Still  farther  south  and  west 
the  sandstone  gives  place  to  shaly  sandstone  and  shale  and  the 
Meigs  Creek  coal  again  appears  in  its  normal  position,  25  to  30  feet 
abore  the  Lower  Meigs  Creek  coal.  The  sandstonejover  the  Union- 
town  coal  shows  a  similar  variation  in  character,  being  a  prominent 
nussivebed  in  the  southwestern  part  of  the  township  and  thin-bedded 
to  shaly  in  the  vicinity  of  Somerton. 

The  thinning  of  the  Pittsburgh  coal  from  a  bed  4  feet  thick  to  a 
carbonaceous  streak  takes  place  abruptly,  as  is  evident  at  Temper- 
anceviDe.  In  several  mines  on  the  north  and  east  sides  of  the 
village  the  coal  maintains  a  imiform  thickness  of  nearly  4  feet.  To 
the  southwest  and  west,  however,  at  points  less  than  half  a  mile 
dbtant,  the  coal  is  too  thin  to  be  of  value,  and  in  valleys  to  the  south 
it  is  lacking.  The  usual  limestone  beds  immediately  beneath  and 
^nt  20  feet  lower  are  continuous  and  even  more  prominently 
Moped  where  the  coal  is  lacking  than  where  it  is  of  minable 
tliickness. 

STBUOTUBE. 

The  direction  and  rate  of  dip  of  the  Pittsburgh  coal  is  represented 
on  the  structural  contour  map  (PL  XII,  in  pocket),  which  shows 
tb&t  there  is  considerable  variation  in  Somerset  Township.  In  the 
ndnity  of  TemperanceviUe  and  to  the  north  the  beds  lie  nearly  flat, 
Imt  a  short  distance  to  the  east  they  dip  nearly  90  feet  in  1  mile 
toward  a  shallow  depression  southwest  of  Somerton.  North  of 
&nnerton  there  is  a  flat  promontory-like  terrace  bordered  on  the 
ttolhwest  by  a  synclinal  embayment  and  depression.  South  of 
Somerton  the  rocks  lie  nearly  flat  for  about  2  miles,  beyond  whidi 
hre  is  another  increase  in  rate  of  dip. 

In  mapping  the  geologic  structure  the  elevations  of  certain  key 
kds  whoise  positions  with  reference  to  the  Pittsburgh  coal  are  known 
vere  determined.  The  principal  key  beds  are  the  Waynesburg  and 
Cniontown  coals  and  the  limestone  beneath  the  Lower  Meigs  Creek 
toal.  Elevations  were  obtained  on  these  and  other  beds  and  also 
on  oil-well  drill  holes  at  about  180  points  in  the  township.  The 
liigher  coals  and  other  strata  lie  so  nearly  parallel  to  one  another, 
md  also  to  the  Pittsburgh  bed  that  a  map  showing  the  "lay''  of  any 
RQe  of  them  indicates  also  that  of  the  otiiers. 

MINEBAL  RESOUBGES. 

Coal,  petroleum,  and  natural  gas  are  the  principal  mineral  products 
i  Somerset  Township  and  the  only  ones  that  have  been  exploited  to 
my  extent.  The  numerous  sandstone  beds  afford  convenient  mate* 
ial  for  bridge  foundations  and  are  quarried  in  small  quantities  as 
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needed.  limestone  is  not  present  in  laige  quantities,  but  the  amonni 
in  parts  of  the  township  is  probably  sufficient  for  putting  most  of  thi 
roads  in  good  condition. 

COAX*. 

The  valuable  coal  beds  of  Somerset  Township  are  in  ascendinj 
order  the  Pittsburgh,  Lower  Meigs  Creek,  Meigs  Creek,  and  Waynes 
burg. 

PtTTSBUROH  COAL.  ^ 

The  Pittsburgh  coal  bed  crops  out  in  Dog  Hollow  in  the  northwe^ 
comer  of  the  township  and  also  in  valleys  occupied  by  the  branchc 
of  Beaver  Creek  at  Temperanceville.  It  may  also  be  seen  along  th 
two  branches  of  Rock  Creek  in  the  southwest  comer  of  the  townshi| 
where  the  coal  is  thin  and  of  no  value. 

The  bed  has  been  mined  at  a  number  of  places  in  Dog  Hollow,  bij 
all  the  openings  have  been  abandoned  and  most  of  them  have  f  all^ 
in.  The  following  section  measured  at  the  south  side  of  sec.  30  nei 
the  schoolhouse  is  believed  to  be  representative  of  the  neighborhoo< 

Section  of  PUUburgh  coal  bed  on  the  Judkint  farm,  in  sec.  30,  Somereet  Townek 

(locality  10). 
Sandstone,  unmeMored.  Ft.  in. 

Clay  shale 8 

Goal,  no  persistent  partings  seen 3    11 

Clay  and  limestone 2 

I^e  quality  of  the  Pittsburgh  coal  is  shown  by  analyses  of  sampL 
taken  in  the  Cochran  No.  2  mine  at  Baileys  Mills  (Nos.  2018* 
20188,  p.  39). 

The  Pittsburgh  coal  was  measured  and  sampled  in  the  Jefferil 
mine,  a  quarter  of  a  mile  southeast  of  the  crossroads  at  Temperanc 
ville.  The  analysis  (No.  20230)  is  given  on  page  39.  The  coal  coo 
pares  favorably  with  that  at  Baileys  Mills,  being  only  slightly  lowi 
in  calorific  value  and  a  little  higher  in  ash.  A  detailed  section  of  tl 
bed,  about  3  feet  8^  inches  thick,  is  given  on  page  45. 

On  the  outcrop  map  (PI.  V,  p.  28)  is  shown  the  approximate  Ih 
dividing  the  valuable  Pittsburgh  coal  to  the  north  from  the  barr< 
portion  to  the  south.  This  line  can  readily  be  traced  by  numeroi 
old  openings  where  the  coal  is  good  and  unsuccessful  prospects  whd 
it  fails.  The  coal  is  of  doubtful  value  on  the  south  side  of  the  vaU^ 
west  of  Temperanceville  and  is  also  lacking  in  the  hiUs  bordering  tl 
valley  of  Beaver  Creek  on  the  north,  except  in  the  immediate  vicinil 
of  Temperanceville.  From  Temperanceville  the  line  of  divisi< 
bears  northwestward  to  the  vicinity  of  Quaker  City. 

South  of  Temperanceville  on  the  two  branches  of  Rock  Creek  t] 
position  of  the  Pittsburgh  coal  is  marked  by  a  little  carbonaceoi 
shale  or  a  thin  coal  streak  overlying  several  beds  of  bluish  limestoij 
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(lie  Lower  Pittsburgh  limestone  is  a  prominent  bed  and  can  be  traced 
contiiiuoualy  westward  along  the  valley  to  its  jimction  with  Beaver 
Creek,  thence  eastward  to  the  point  where  the  Pittsburgh  coal  again 
uppears  as  a  valuable  bed. 

The  bed  at  the  Pittsburgh  horizon  is  exposed  in  the  valleys  of 
Seneca  Fork  and  Paynes  Fork,  the  latter  of  which  is  4  miles  due  south 
of  Temperanceville,  and  is  of  no  value  in  these  valleys.    To  the  east 
and  south  the  bed  is  everywhere  below  the  surface  for  many  miles. 
Under  cover  it  thickens  to  a  valuable  bed  extending  under  Belmont 
County  and  the  greater  part  of  Monroe  County  to  Ohio  River  and 
into  West  Virginia.    The  line  of  division  between  the  thin  and  thick 
coal  can  be  determined  only  by  test  drilling.    The  evidence  at  hand 
does  not  permit  sharp  definition  of  the  limit,  but  it  may  be  repre- 
sented by  a  line  drawn  southeastward  from  Temperanceville  to 
Boston,  thence  a  little  east  of  midway  through  sec.  19  to  the  county 
line.    This  approximate  boundary  is  shown  on  the  map  by  a  broken 
line.    It  is  drawn  from  evidence  furnished  by  diamond-diill  and  oil- 
veil  (chum-drill)  records.    The  latter  are,  for  well-known  reasons, 
far  from  reliable  in  proving  the  thickness  of  coal  beds,  but  the  com- 
bined data   furnished  by  them   are  of  considerable  value.    The 
Pittsburgh  coal  is  reported  in  oil  wells  on  the  ridge  1  mile  east  of 
Temperanceville  and  also  in  wells  drilled  near  the  coimty  line  in 
sec  13,  1^  miles  southeast  of  Boston.    The  coal  is  reported  in  all  the 
ivailable  records  of  wells  east  of  this  line.    In  core-drill  hole  No.  21, 
south  of  Boston,  in  sec.  19,  the  coal  is  1  foot  9  inches  thick,  and  in 
No.  22,  half  a  mile  down  the  valley  to  the  southwest,  there  is  no 
Pittsburgh  coal.    At  that  point  the  bed,  if  present,  would  lie  about 
SO  feet  below  the  surface.    A  partial  record  of  drill  hole  No.  21 
'oUowb: 

Partial  record  of  core-driU  hole  No,  tl  on  Higginbotham  farm  in  sec,  19,  Somerset 

Township. 


Depth. 


Ft.  in. 

Iiadiock 11     8       180  9 

Mi,gray. 2     7        183  4 

Pfei)*..^  ..^1        /Slate,  ooal,  and  Umestone :....<      19       1S6  1 

'telniigliooel....|coftl.'....! 1    10       186  11 

lAaartone. 
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The  record  of  a  diamond-drill  test  hole,  No.  20,  drilled  at  Somerton, 
in  sec.  2,  is  given  below. 

Record  of  core-drill  hole  near  Somerton. 
[Surface  1,011  feet  above  sea  level.] 


Surface. 

Shale,  soft  srellow 

Sandstone,  gray. 

Clav,  limy 

Slate  and  ooal,  MeigB  Creek 

Shale,  Umy,  dark 

limestone 

Shale,  hard  dark 

TJTnestflne 

Rook,  cement 

Limestone 

Limestone  with  fossils 

Shale,  daric,  hard , 

Limestone 

Shale,  black,  hard 

limestone 

c,  cement 


Shale,  menish,  sandy,  with  lime  nodules 

Shale,  greenish,  sandy,  with  Uttle  lime 

Lime  or  iron  nodules 

Shale,  gray,  sandy 

Sandstone,  gray,  place  of  Redstone  ooal 

Shale,  dark  gray,  with  thin  sandstone  bands. 

Sandstone,  gray 

Shale,  dark  gray 


Sandstone,  gray 

Slate,  dark,  with  fossils. 

Coal,  Slaty 

Slate  darK 


Ooal,  Pittsburgh  or  No.  8 

Slate,  dark 

Shale,  hard  daik  Umy,  firs  day. 
Shale  with  limestone  nodules. . 
Limestone 


Thi<^- 


Ft.  in. 
11 


1 
61 


1 
3 

1 
14 

4 

5 

ao 

2 

1 

2 
3 

2 

4 


6 
2 

4 
9 
5 
10 
3 
0 
6 
7 
6 
2 

3 
3 
6 
0 


3 


9 
S 

3 
3 

4 
3 
11 
7 
2 
S 
9 


Depth. 


Ft.  m, 
11 

12     6 
73     8 


74 
76 
76 
79 
79 
79 
81 


82 

S2 

85 

85 

87 

90 

92 

106 

110 

110 

115 

145 

148 

140 

149 

151 

155 

155 

I.S8 


9 
2 

3 

9 
3 


81    10 


4 
6 
6 
9 


3 
3 

3 

3 
6 
9 
1 
4 
3 

1«2    10 

163 

166     3 

167 

168 


LOWER  MEI08  CREEK   AND  MEIQ8  CREEK  COAL. 

The  Lower  Meigs  Creek  coal  ranges  from  1  foot  to  nearly  3  feet  in 
thickness  on  its  outcrop  in  the  western  part  of  Somerset  Township. 
The  Meigs  Creek  bed,  which  normally  lies  20  to  30  feet  higher,  is  of 
little  or  no  value.  Near  the  forks  of  Rock  Creek  in  sees.  25  and  31 
it  is  shaly  and  less  than  18  inches  thick,  and  also  in  ^the  vicmtity  of 
Temperanceville  it  is  no  thicker.  There  is  commonly  a  thick  sand- 
stone bed  between  the  two  coals,  and  where  this  sandstone  is  most 
prominent  the  upper  coal  is  missing. 

The  Lower  Meigs  Creek  coal  has  been  mined  to  a  slight  extent  at 
several  places.  In  an  old  opening  in  sec.  25  the  bed  is  about  30  inches 
thick  and  has  seven  to  ten  "sooty"  bands.  In  spite  of  its  imfavor- 
able  appearance,  the  coal  is  praised  by  the  farmers  who  have  used  it. 
Close  beneath  the  coal  is  invariably  a  bed  of  gray  limestone. 

Years  ago  the  citizens  of  Somerton  attempted  to  sink  a  shaft  to  the 
Lower  Meigs  Creek  coal,  which  lies  at  a  depth  of  about  75  feet  in  the 
valley.    Funds  were  exhausted  before  the  work  was  completed,  and 
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the  project  was  abandoned.  The  bed  would  have  proved  disappoint- 
ing both  in  thicknees  and  in  quality,  as  indicated  above  in  the  record 
of  coal  test  No.  20,  drilled  in  the  same  vicinity. 

The  Meigs  Creek  coal  lies  low  in  the  valley  of  Captina  Creek  in  the 
extreme  northeast  comer  of  the  township,  where  it  is  present  in 
valuable  thickness  but  varies  greatly  from  place  to  place.  The  coal 
was  formerly  mined  on  the  McVey  farm,  near  the  north  township  line, 
whfire,  as  reported,  it  is  about  3  feet  thick.  Half  a  mile  to  the  south, 
at  the  creek  forks  east  of  the  township  line,  the  bed  is  much  thinner, 
but  it  thickens  to  4  feet  a  short  distance  farther  east,  near  the  bend 
of  the  creek. 

UNXONTOWN  COAL. 

The  Uniontown  coal  bed  is  of  no  value  in  Somerset  Township.  Its 
position  is  marked  by  a  few  inches  of  carbonaceous  shale  and  little 
or  no  coal. 

WATNESBURO  GOAL. 

The  Waynesburg  coal  bed  crops  out  along  valleys  in  all  parts  of 
the  township  and  has  been  prospected  at  dozens  of  places.  It  is 
generally  not  more  than  3  feet  thick  and  is  of  poor  quality,  but  at 
a  number  of  places  it  is  mined  each  winter  to  supply  the  local  needs. 
The  outcrop  of  the  bed  where  it  is  believed  to  be  of  minable  thick* 
ness  is  indicated  on  the  maps  (Pis.  VIII  and  XII).  The  coal  is 
probably  of  more  or  less  value  throughout  the  township  except 
at  the  north  and  northwest  borders. 

Where  mined  on  the  N.  Carter  farm,  in  sec.  18  Gocality  119),  the 
coal  is  2  feet  6  inches  thick  and  has  a  roof  of  sandstone.  At  the 
center  of  sec.  24  (locality  116),  on  the  roadside,  it  is  a  little  less  than 
1}  feet  thick.  Toward  the  south  it  increases  slightly  in  thick- 
ness, and  at  the  head  of  Dog  Hollow,  in  sec.  23,  it  measures  about 
20  inches,  including  several  clay  streaks.  A  measurement  half  a  mile 
farUier  south  on  the  road  (locality  118)  gives  2  feet,  and  a  mile 
farther  south,  in  the  SW.  i  sec.  22  Gocality  120),  the  bed  is  2  feet 
2  inches  thick. 

The  coal  has  been  mined  at  a  number  of  places  near  Boston  and 
to  the  east.  A  section  measured  in  the  Oeorge  Thomas  mine,  in 
sec.  14  Gocality  145),  shows  the  coal  to  be  3  feet  thick,  a  little  thicker 
than  the  average.  The  bed  was  sampled  for  analysis  at  this  place 
(analysis  20241,  p.  41),  and  a  detailed  section  is  given  on  page  48. 

In  the  vicinity  of  Somerton  and  farther  south  the  Waynesbui^ 
coal  is  thinner  than  in  the  Thomas  mine.  Numerous  openings  have 
been  made,  but  few  of  them  are  now  accessible  for  measurement. 
In  an  old  opening  in  the  NW.  |  sec.  2  (locality  144),  the  thickness 
is  a  little  less  than  2  feet.  North  of  Somerton,  in  an  opening  in  the 
Sk.  i  sec.  4  locality  121)  the  bed  measures  about  3  feet. 
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WABHOIOTOIf  COAL. 

The  Washington  ooal  lies  near  the  hilltops  in  the  southern  part  of 
the  township.  It  appeara  in  numerous  roadside  exposures,  most  of 
which  show  the  bed  in  two  benches,  with  a  layer  of  clay  between. 
The  following  measurement  is  representative: 

Seetion  qf  WaMngUm  eoal  bmiintheSW.  i$ec.  IS,  Somtnei  ToumMp  (JooaHi^  S7). 

Clay.  Ft.  la. 

OoiJ 5i 

Clay 4 

Coal 1    5 

Clay. 

Thickneei  of  bed 2    2) 

SAVnSTOHS  AHD  UHSSTOSX. 

The  local  demand  for  sandstone  is  slight,  for  its  only  use  is  for 
bridge  and  building  foundations.  There  are  in  nearly  all  parts  of  the 
township  materials  suited  for  this  purpose,  and  in  small  areas  some 
of  the  beds  could  be  quarried  on  an  extensive  scale  for  building  stone. 

The  most  valuable  sandstone  is  found  above  the  Uniontown  coal 
in  the  southwestern  part  of  the  township,  where  it  occurs  in  a  thick 
massive  ledge  lacking  the  irr^ular  bedding  lines  so  prevalent  at 
other  places.  This  rock  was  quarried  to  the  south,  in  Malaga  Town* 
ship,  and  used  in  the  construction  of  the  stone  church  near  Miltons- 
burg. 

Two  other  sandstone  beds  deserve  mention.  One  lies  above  the 
Meigs  Creek  coal  and  is  conspicuous  in  the  hills  at  Temperanceville 
and  to  the  south  along  the  branches  of  Rock  Creek.  The  other  is  the 
sandstone  lying  under  the  Washington  coal  and  about  60  feet  above 
the  Waynesburg  coal.  This  sandstone,  which  is  correlated  with  tho 
Mannington  sandstone  of  West  Virginia  reporte,  appears  in  massive 
form  in  the  ridges  in  the  northern  part  of  the  township.  It  is  less 
durable  than  the  Uniontown  sandstone,  and  its  friable  beds  readily 
crumble  into  sand. 

Somerset  Township,  like  most  other  parts  of  Belmont  County, 
contains  limestone  in  numerous  thin  layers  between  sandstone,  clay, 
ooal,  and  other  beds.  The  greatest  quantity  occurs  in  the  deep^ 
hollows  of  Rock  Creek  west  of  Boston.  The  thickest  beds  lie  near 
the  horizon  of  the  Pittsburgh  coal;  a  thinner  layer  occurs  beneath 
the  Lower  Meigs  Creek  coal.  The  same  beds  are  prominent  on  Beaver 
Greek  near  Temperanceville. 

The  Benwood  limestone,  which  is  so  prominent  along  Captina  Creek 
in  Wayne  Township,  is  of  less  value  at  Temperanceville  and  other 
places  in  the  western  part  of  Somerset  Township.    Its  uppermost 
layers  crop  out  in  xhe  valley  slopes  near  Somerton  and  have  been 
used  in  surfacing  the  road.    The  same  limestone  occurs  in  consider- 
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lUe  qnanAity  in  the  northeast  oomer  of  the  township.    Many  of  the 
beds  are  olayey  and  lack  durability. 

WAYKS  TOWNSHIP. 
8UBFA0B  FBATUSBS* 

Captina  Greek  and  its  branches  have  carved  deep  yalleys  in  the 
plateau  of  Wayne  Township,  making  its  surface  one  of  the  most 
idny  in  eastern  Ohio.  North  and  South  forks  unite  in  the  east- 
central  portion,  forming  the  main  creek,  which  flows  eastward  to 
(Hdo  River.  Ci^tina  Creek  and  its  branches  follow  meandering 
eooises  in  narrow  flood  plains  bordered  by  steep  hills  that  rise  300 
feet  or  so  above  the  valley  floors.  The  slopes  of  the  hills  are  largely 
ooDtrolled  by  thick  sandstone  beds  that  appear  as  sheer  walls  along 
the  rims  of  the  valleys,  forming  nimierous  picturesque  shelving 
csvems  and  '^rock  houses."  The  course  of  South  Fork  is  extremely 
meandering.  Terraces  border  the  valley  at  elevations  of  920  to 
ISO  feet,  or  about  70  feet  above  the  present  flood  plain,  and  some  of 
them  are  covered  with  gravel.  The  terraces  suggest  that  the  course 
of  the  ancnent  higher  valley  was  considerably  less  tortuous  than 
that  of  the  modem  valley. 

The  hills  away  from  the  valley  rise  to  a  general  elevation  of  a 
£ttle  more  than  1,200  feet,  and  a  few  isolated  simmxits  are  above 
1,300  feet.  The  summit  occupied  by  the  triangulation  station  near 
Newcastle  is  1,367  feet  above  sea  level. 

GEOLOGIC   SECTION. 

The  Meigs  Creek  coal  crops  out  along  North  and  South  forks  of 
Oaptina  Creek.  Its  northwestward  rise  is  about  the  same  as  that 
of  the  valley,  and  in  no  place  is  it  more  than  40  feet  above  drainage 
WeL  Near  the  jimction  of  the  two  forks  the  coal  dips  below  the 
bed  of  the  creek,  and  thence  eastward  to  the  township  line  it  is  10 
to  15  feet  below  drainage  level.  About  100  feet  lower  is  the  Pitts- 
Imigh  coal,  which  will  at  some  future  date  support  a  great  mining 
industry.  The  beds  above  the  Meigs  Creek  coal  to  the  tops  of  the 
lu^^est  hills  comprise  a  thickness  of  about  400  feet,  and  their 
sequence  is  illustrated  in  the  following  section,  compiled  from  meas- 
orementB  made  in  various  places  in  the  township. 

Oeneralized  Bectiorij  in  descending  order ^  of  strata  exposed  in  Wayne  Tovmship, 

WaBhington  fonnation:  Feet. 

LimeBtone,  dark  gray,  nodular  or  in  layers 2 

Shale,  sandy,  or  reddish-brown  clay 55 

Limestone,  nodular  or  in  layers 1^ 

Shale,  carbonaceous,  with  clay  and  nodular  limestone  below         9 
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WaahiogUm  fonnation— CoDtiiiued.  iml 

Shale,  sandy,  with  one  or  more  limeBtone  Uyen  and  locally 

red  day 70 

Clay  shale,  reddish  brown 10 

Limestone  in  two  or  more  layers 2-4 

Shale,  sandy 26 

Shale,  carbonaceous,  thin. 

Limestone,  dark,  shaly,  with  fnismeotB  of  minute  IosbUb.  .         1 

Shale 15 

Goal,  Washington,  commonly  in  two  benches  eepaimted  by 

a  layer  of  clay 2± 

Clay  and  shale 15 

Sandstone  from  thin  bedded  and  irregular  to  coatee  and 

massive,  locaUy  missing  and  sandy  shale  instead 45-W 

Coal,  Waynesbunt  A 1± 

Limestone,  yellowi:<h,  nodular  in  clay 2 

Shale,  sandy  or  clay  shale  with  one  or  more  layers  of  nodular 

limestone 45 

Monongahela  formation: 

Coal,  Waynesburg S± 

Shale,  sandy 16 

Coal  thin. 

Limestone,  yellowish,  in  numerous  layers 5 

Shale  or  shaly  sandstone 30 

Coal,  Uniontown,  locally  absent 3d: 

day  shale 9 

Sandstone,  shaly 18 

Shale,  greenish  gray  and  dark  red 0 

Limestone  and  calcareous  clay,  lower  portion  locally  replaced 

by  sandstone .^. ...  67 

Coal,  Meigs  Creek 3± 

Sandstone  or  sandy  shale 23 

Coal  thin. 

Limestone,  well  suited  for  use  as  road  metal 5 

Interval  rocks  not  exposed  to  Pittsbuigh  coal 75 

For  purposes  of  geologic  study  a  rugged  topography  such  as 
found  in  Wayne  Township  usually  offers  advantageous  conditioi 
The  narrow  canyonlike  valleys  of  Captina  Creek  and  its  hranch 
present  numerous  excellent  rock  exposures,  which  permit  detaili 
study  of  all  the  400  feet  of  strata  exposed  in  the  township.  In  tt 
upper  portion  of  the  section  is  the  great  sandstone  that  borders  t] 
scenic  valleys  of  Long  Run  and  Piney  Creek  east  of  Newcast 
forming  sheer  walls  40  to  50  feet  high  and  numerous  overhangi 
ledges  along  the  smaller  ravines.  Access  to  such  valleys  is  not  ea 
from  the  hills,  and  the  narrow  bottoms  are  followed  by  trails  u 
worthy  of  the  name  roads,  which  lead  to  the  few  cabins  that  ha 
been  built  on  them.  The  sandstone  in  massive  form  is  promine 
only  in  the  southeast  quarter  of  the  township  and  grades  into  fin< 
bedded,  sandy  layers  toward  the  west  and  north,  there  bdng  san< 
shale  of  reddish-brown  color  at  this  horizon  in  parts  of  the  townshi 
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'Die  WayneBbiug  coal,  about  50  feet  below  the  sandstone  just 
dncribed,  and  the  Uniontown  coal,  SO  feet  still  lower,  are  the  prin- 
opal  beds  that  have  been  mined  in  Wayne  Township.  As  these 
m  the  most  important  coal  beds  in  the  bills,  any  prospect  or  mine 
is  almost  certain  to  be  in  one  of  the  two.  The  Meigs  CSreek  coal,  100 
faet  belo>w  the  Uniontown,  is  also  valuable,  but  the  bed  lies  low  in 
fte  valley  of  Captina  Creek  and  is  beneath  the  creek  in  part  of  the 
township. 

Above  the  Meigs  Creek  coal  is  the  Benwood  limestone,  consisting 
d  calcareous  clay  interbedded  with  argillaceous  limestone  in  nu- 
merous layers  1  to  2  feet  thick  and  varying  considerably  in  appear- 
ance and  durability.  The  Benwood  is  about  65  f eetT  thick,  being  the 
fliickest  limestone  member  in  the  entire  ''Coal  Measures"  of  eastern 
Ohio.  The  limestone  is  lackrog  in  fossils  of  marine  types,  such  as 
amoids  and  brachiopods,  but  contains  fish  bones,  small  gastropods, 
nd  other  minute  fossil  shells  called  SpirorbiSy  all  representing  forms 
believed  to  have  lived  in  fresh  or  slightly  brackish  water.  A  thin- 
bedded  sfaaly  gray  limestone  about  25  feet  above  the  Meigs  Creek 
eoil  is  especially  prolific  in  these  remains.  The  Benwood  limestone 
%  typical  development  may  be  seen  at  many  places  on  South  Fork 
d  Captina  Creek  east  of  Somerton,  in  sees.  27  and  33,  and  thence 
eistward  to  the  township  line.  One  of  the  most  peculiar  appearing 
md  characteristic  beds  is  found  about  15  feet  above  the  base.  It  has 
a  angnlar,  checkered  surface  made  up  of  cubes  that  have  curved 
imfaces  and  sharp  edges.  In  fact,  the  beds  resemble  flint  clay  in 
qipearance  but  are  shown  by  the  acid  test  to  oontain  considerable 
faae.  These  beds,  which  are  2  to  4  feet  thick  where  they  crop  out 
akmg  Captina  Creek,  give  certain  evidence  as  to  the  depth  of  the 
Mdgs  Creek  coal  where  it  lies  below  the  stream  bed.  Over  this 
Hooliy  limestone  are  green  clay  and  thin-bedded  limestone  grading 
ip  into  the  platy  fossil-bearing  limestone  beds  described  above. 

Shale  associated  with  coal  beds  commonly  contain  beautifully  pre- 
mnred  impressions  of  ferns  and  other  plants  that  were  buried  in  the 
ttal  swamp  in  Carboniferous  time.  A  collecting  place  was  found 
aear  the  north  edge  of  sec.  9,  about  200  feet  below  the  ridge  road, 
m  shale  that  underlies  the  Uniontown  coal,  which  is  mined  for  home 
me  on  the  George  Garrett  farm. 

STRUCTURE. 

The  geologic  structure  or  ''lay"  of  the  rocks  in  this  township  is 
fxpnased  on  the  map  by  means  of  structural  contours  that  show  the 
Ittitade  or  dip  of  the  Pittsburgh  coal  throughout  the  township.  As 
dl  strata  near  the  surface  are  nearly  parallel  the  map  is  almost 

— 8 
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equally  useful  in  shovnng  the  attitude  of  all  the  coal  beds.  The  dip 
is  southeastward  at  a  rate  ranging  from  15  to  70  feet  to  the  mile, 
with  local  variations  in  direction  and  degree  of  dip  that  produce 
terraces,  ''noses/'  and  ''embayments"  such  as  those  in  the  south- 
west comer  of  the  township.  The  utility  of  the  structural  map  in 
determining  the  depth  and  direction  of  dip  of  the  Pittsburgh  coal  at 
any  point  is  evident,  as  the  contours  are  drawn  on  that  bed. 

MINERAL  BESOURCES. 
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Coal  is  the  principal  mineral  resource  of  Wayne  Township,  the 
entire  township  being  underlain  by  beds  that  will  be  mined  in  a  com- 
mercial way  in  the  not  distant  future,  when  transportation  facilities 
are  provided  by  the  building  of  a  railroad  along  Captina  Creek,  it 
Sandstone  formations  deep  below  the  surface  have  been  proved  of  '-i 
considerable  value  as  sources  of  oil  and  gas,  and  there  is  a  possibility  -i 
of  extension  of  the  productive  pool.    There  are  four  principal  poob  « 
in  which  oil  and  gas  are  produced — the  Brushy  Creek,  Newcastle, 
Stiunptown,  and  Cow  Run  pools.    The  most  productive  sand  is  the 
Big  lime.    Limestone  in  quantity  sufficient  for  the  construction  of 
good  roads  is  fairly  well  distributed  throughout  the  township,  and 
sandstone  suitable  for  rough  construction  work  is  abundant. 

GOAL. 

The  stratigraphic  positions  of  the  principal  coal  beds  that  crop  out 
and  lie  below  the  su^ace  are  shown  in  the  general  section  for  Wayne 
Township  (pp.  1 1 1-1 12) .  These  beds  are,  in  ascending  order,  the  Pitts- 
burgh, Meigs  Creek,  Uniontown,  Waynesburg,  and  Washington  coals. 

prrrsBUBOH  coal. 

The  Pittsburgh  coal  lies  80  feet  or  mor^  below  the  surface  in  Wayne 
Township.  It  is  recorded  in  all  oil  wells  whose  records  have  been 
obtained,  and  its  thickness  is  known  from  test  holes  drilled  in  sees. 
10  and  23.  A  record  of  test  hole  No.  19,  in  sec.  10,  is  given  below 
through  the  coxu'tesy  of  Prof.  F.  A.  Ray. 

Condensed  record  o/core^rill  hole  No.  19,  sec,  10,  Wayne  Township, 
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Hie  well  test  in  sec.  23  (No.  16)  was  not  so  favorable,  showing  only 
2  feet  5^^  inches  of  coal,  divided  into  two  parts  by  a  thin  layer  of  shale. 
Above  the  coal  is  sandstone,  as  was  found  H  miles  to  the  northwest, 
a  Goshen  Township,  where  the  coal  bed  is  likewise  below  the  normal 
thickness.  These  two  measurements  constitute  the  only  available 
eridence  of  an  unfavorable  nature  concerning  the  Pittsburgh  coal  in 
Wgjne  Township.  All  the  oil-well  records  serve  to  support  the  belief 
tbat  practically  the  whole  township  is  underlain  by  the  coal  in  valu- 

ible  thickness.  There  are,  it  is  true,  areas  of  1  square  mile  or  more 
'where  no    drilling  has  been  done,  but  from  the  generally  reliable 

duuBcter  of  this  great  coal  bed  it  seems  safe  to  assiune  its  persistence. 

MEIQS  CREEK  COAL. 

The  outcrop  of  the  Meigs  Creek  coal,  as  shown  on  Plate  VI  (p.  32) 
foDows  the  valleys  of  Captina  Creek  and  its  branches,  but  the  coal 
tases  beloiv  the  creek  bed  in  sec.  10.  On  South  Fork  the  coal  is 
o^osed  for  a  distance  of  slightly  more  than  1  mile.  At  the  east 
■de  of  sec.  33  the  coal  if  present  lies  about  10  feet  below  the  creek 
Vei,  as  is  indicated  by  the  positions  of  certain  limestone  key  strata 
Men  there. 

The  loiwrer  part  of  the  Benwood  limestone,  which  rests  upon  the 
llrigs  Creek  coal,  has  been  replaced  by  a  coarse  sandstone  lens  in 
ptrts  of  sec.  21  and  at  other  places  in  the  township.  It  has  been 
observed  that  where  this  sandstone  assumes  prominence  the  Meigs 
Cheek  coal  is  commonly  thin.  Below  the  Meigs  Creek  coal  is  sandy 
dude  mrhich  likewise  gives  place  to  massive  sandstone  that  locally 
extends  ahove  the  position  of  the  coal  and  unites  with  the  sandy 
beds  above.  It  is  certain  that  the  Meigs  Creek  coal  is  thin  or  lacking 
in  places,  especially  in  the  south  half  of  Wayne  Township.  Its  usual 
position  is  90  to  100  feet  above  the  Pittsburgh  coal.  Well  records 
in  the  oil  field  at  Newcastle  show  coal  about  70  feet  above  the  Pitts- 
Imrgh,  i^hich  is  designated  the  ''Mapletown/'  and  that  bed  is 
doubtless  the  Lower  Meigs  Creek,  and  the  Meigs  Creek  coal  is  lacking. 
Well  records  in  the  Brushy  Creek  pool  and  neighboring  territory  like- 
wise indicate  that  the  Meigs  Creek  coal  is  generally  thin  and  that 
the  Loiwer  Meigs  Creek  coal  is  the  one  commonly  recorded. 

The  thickness  of  the  Meigs  Creek  coal  on  its  outcrop  is  illustrated 
by  several  sections  and  accompanying  notes.  In  the  SW.  {  sec.  36, 
dong  North  Fork  of  Captina  Creek,  the  coal  varies  considerably  in 
thickness  and  at  one  point  is  lacking.  Downstream,  in  the  north 
eentral  portion  of  sec.  35  in  an  opening  on  the  King  farm  (locality 
70),  a  thickness  of  4  feet  1^  inches  of  clear  coal  was  measured.  The 
eoal  lies  between  two  thick  sandstone  beds,  which  are  separated 
bom.  it  by  a  few  feet  of  shale. 

The  variable  character  of  the  beds  overlying  the  coal  is  apparent 
from  the  following  sections  measured  on  the  road  leading  up  the  hill 
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half  a  mile  east  of  the  King  mine  (locality  71) ,  where  the  coarse  sand« 
stone  has  disappeared  and  greenish  shale  and  limestone  of  the  Ben 
wood  memher  are  found. 

Section  ofbed»  overlying  Meigi  Creek  coal  in  tee.  £9,  Wayne  TownMp.  I 

Clay  and  ahaly  limeetone.  Ft.  in. 

limeetone,  creamy  yellow,  aigillaceous 5 

Chert,  dark  colored 2 

Limestonei  ahaly  and  chaUr^ 2 

Shale,  calcareous,  greenish 17 

Coal,  Meigs  Creek,  thickness  not  evident. 

At  the  junction  of  Long  Run  with  North  Fork  of  Captina  Creel 
(locality  72)  a  thickness  of  slightly  more  than  2  feet  was  noticec 
A  mile  up  Long  Run,  in  a  coal  mine  on  the  Turner  farm  (locality  68] 
the  coal  is  3  feet  3  inches  thick,  but  about  a  quarter  of  a  mile  f arth< 
upstream,  near  the  forks  of  the  road,  where  several  prospect  pil 
have  been  dug,  a  thickness  of  16  inches  was  observed.  Near  ill 
crossroads  in  sec.  17  the  coal  is  less  than  2  feet  thick. 

Exposures  of  the  Meigs  Creek  coal  in  the  vicinity  of  the  jimctio 
of  the  two  forks  of  Captina  Creek  are  not  good,  because  the  coal  li< 
at  or  near  water  level.  From  portions  of  the  bed  seen  in  the  crec 
at  several  points  it  seems  probable  that  the  thickness  is  2  to  3  fee 

UNIONTOWN  GOAL. 

On  the  map  (PL  XII,  in  pocket)  the  outcrop  of  the  Uniontown  co 
is  represented  where  it  is  believed  to  be  of  workable  thickness.  Tl 
extent  of  the  bed  is  further  illustrated  by  the  index  map  (PI.  VI 
p.  32).  The  area  where  the  coal  can  be  considered  as  of  value  occ 
pies  the  northeast  quarter  of  the  township.  Elsewhere  the  coal 
commonly  so  intimately  intercalated  with  shale  that  it  is  worthies 
and  in  other  places  the  bed  consists  of  bony  shale.  The  bed  at  be 
can  not  be  compared  with  the  Meigs  Creek  or  Pittsburgh,  because 
is  invariably  high  in  ash  and  contains  one  or  more  layers  of  shale. 

The  thickness  and  character  of  the  coal  in  the  valley  of  Long  Ru 
in  the  northwest  comer  of  the  township,  is  represented  by  the  U 
lowing  section,  measured  a  short  distance  north  of  the  township  lie 

Section  of  Uniontown  coal  on  road  in  eec,  Sl^  Ooehen  Townthip  {locality  100). 

Coal  and  thin  shale  films 6 

Shale 4 

Coal 2i 

Shale 2 

Coal 7J 

Shale 3 

Coal lOJ 

-      flVale.  

Thickness  of  bed 2    UJ 
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South  and  west  of  Long  Run,  in  the  Yalley  of  North  Fork  of  Cap- 
tina  Oeek,  the  Uniontown  coal  was  nowhere  observed  in  workable 
thickness,  and  toward  the  south  the  carbonaceous  material  marking 
its  horizon  becomes  very  thin.  There  is  little  or  no  Uniontown  coal 
on  South  Fork  and  its  tributaries,  the  coal  bed  mined  in  that  drain- 
age basin  being  the  Waynesburg,  which  lies  about  50  feet  above  the 
Uniontown.  In  the  valley  of  Piney  Creek,  in  the  southeast  comer 
of  the  township,  there  is  only  a  thin  layer  of  carbonaceous  shale  to 
mark  the  place  of  the  Uniontown  coal. 

The  only  place  on  the  south  side  of  Captina  Creek  valley  where 
the  coal  was  found  exposed  in  a  prospect  is  on  the  George  Garrett 
fann,  near  the  north  edge  of  sec.  9  (locality  109),  where  the  coal  bed 
iiAs  a  thickness  of  3  feet  3  inches  and  is  overlain  by  6  inches  of  car- 
bonaceous shale. 

About  2  miles  northwest  of  the  Garrett  prospect  a  roadside  expos- 
ore  in  the  SW.  i  sec.  17  Gocality  108)  shoVrs  a  thickness  of  about  2 
feet.  North  of  this  place  the  bed  thickens  and  for  a  distance  of 
several  miles  along  Jakes  Run  its  value  has  been  proved  by  a  num- 
ber of  openings.  In  an  old  prospect  at  the  extreme  southeast  margin 
of  sec.  24  Gocality  107)  the  thickness  is  about  3  feet.  Half  a  mile 
northwest  of  Hunter,  at  locality  106,  a  thickness  of  3  feet  11  inches 
vas  measured  in  an  opening  recently  made.  No  shale  impiuities 
«^ere  found  in  the  coal. 

East  of  Jakes  Run,  on  Mikes  Run,  Berry  Run,  and  other  tribu- 
Uries  of  Captina  Creek,  the  thickness  of  the  coal  is  known  only  from 
ravine  and  roadside  exposures.  It  is  believed  to  be  somewhat  less 
than  that  at  Hunter  but  probably  as  much  as  2  feet. 

A  measurement  made  in  the  D.  H.  Hatcher  mine.  Bend  Fork 
i&  sec.  6,  in  the  extreme  northeast  comer  of  the  township  locality 
105),  gives  the  following  result: 

Seetian  of  coal  bed  in  D,  H,  Hatcher  Tnine^  uc.  6,  Wayne  TovmMp, 

Shale  grading  up  into  flaggy  limestone. 

Coal 

Bone 

Cool 

Shale 

Coal 

Shale. 

Thickneos  of  bed 
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1 

11 

1 
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A  similar  thickness  was  measured  in  another  opening  on  the  west 
«de  of  the  valley  a  few  hundred  feet  north  of  the  township  line^ 
(locality  104).  Downstream  near  the  east  township  line  the  coal 
ftins  and  is  of  doubtful  value  for  a  distance  of  about  half  a  mile. 
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WATMBSBUBQ  GOAL. 

Probably  three-foxirths  of  Wayne  Township  is  underlain  by  the 
Waynesburg  coal  in  thicknesses  of  2  to  3  feet.  The  principal  areas 
where  it  is  known  to  be  of  little  value  are  in  the  northeast  and  north- 
west comers,  in  sees.  5,  6,  12,  24,  29,  30,  and  36. 

The  many  openings  made  on  Piney  Creek  and  its  tributary  Long 
Rim  give  an  average  thickness  of  about  2  feet  for  the  coal.  About  17 
feet  lower  is  a  thinner  coal  bed  resting  on  yeUowish-brown  limestone 
in  a  number  of  layers.  In  the  SE.  {  sec.  9  (locality  140),  the  follow- 
ing section  was  measured : 

Section  of  Wayne$bwrg  coal  in  §ec,  9,  Wayne  Town^ip. 

Ft.  in. 

Coal,  bony 7i 

Coal 1      3 

Clay 3 

Coal 4i 

Shale. 

Near  the  forks  of  the  creek  half  a  mile  farther  east,  at  locality  141, 
a  thickness  of  2  feet  9  inches  was  measured.  The  bed  where  mined 
south  of  Piney  Creek  is  in  places  free  from  shale  bands  but  contains 
bony  layers. 

About  1  mile  west  of  the  mines  on  Long  Run  and  half  a  mile  north- 
east of  Newcastle,  in  a  ravine  near  the  crossroads  Gocality  139) ,  the 
Waynesburg  coal  is  6  to  18  inches  thick  and  has  an  undulating  roof 
of  sandstone. 

In  the  southwest  quarter  of  the  township,  west  of  Newcastle  and 
on  Brushy  and  Cranenest  creeks,  there  are  numerous  places  where 
the  coal  has  been  prospected  and  temporarily  mined  in  a  small  way. 
The  thickness  is  generally  2  to  3  feet,  and  only  one  place  was  observed 
where  the  bed  is  as  thin  as  1  foot — ^in  a  roadside  exposure  at  the  south 
side  of  sec.  20  (locality  142).  A  section  of  the  bed  believed  to  be 
representative  of  this  coal  in  the  southwest  quarter  of  the  township 
was  measured  in  the  Howard  Brown  mine  in  sec.  26  Gocality  143) , 
where  a  sample  of  the  coal  was  taken  for  analysis  (No.  20234,  p.  41). 
A  section  of  the  bed  2  feet  6^  inches  thick  is  given  on  page  48. 

A  slightly  greater  thickness  probably  as  much  as  3  feet,  was  found 
in  an  opening  at  the  north  side  of  sec.  27  (locality  138),  and  also  at  a 
place  near  the  east  edge  of  sec.  33. 

No  prospect  pits  in  the  Waynesburg  coal  were  found  in  sees.  24,  29, 
30,  35,  and  36,  and  roadside  exposures  indicate  that  the  bed  is  not 
present  in  minable  thickness.  Northward  beyond  the  township  line, 
however,  there  is  an  area  of  thicker  coal.  The  bed  also  thickens  to- 
ward the  east.  In  an  opening  on  the  McEndree  farm,  in  the  NE.  \,  sec. 
22  (locality  137),  3  feet  of  clear  coal  was  measured.  A  mile  north  of 
this  place,  on  the  west  side  of  Jakes  Run,  the  coal  is  2  feet  10  inches 
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thick,  and  at  the  east  edge  of  sec.  16  locality  136),  a  little  more  than 

1  mile  soutJieast  of  that  locality,  the  thickness  is  about  3  feet. 

Near  the  center  of  sec.  18,  on  the  hill  road  southwest  of  Hunter, 
the  coal  has  been  mined,  but  no  openings  are  accessible.  A  natural 
exposure  in  that  vicinity  Qocality  130)  showed  a  thickness  of  about 

2  feet. 

A  coal,  probably  the  Waynesbuig,  has  been  mined  to  a  slight  ex- 
tent on  Mikes  Run  on  the  Price  farm,  in  sec.  12  locality  132).  The 
bed  is  in  two  parts  separated  by  about  1^  feet  of  shale;  the  lower 
bench  is  about  2  feet  thick,  and  the  upper  bench  is  thinner  and  shaly. 

A  measurement  on  the  John  White  farm,  in  the  north-central  part 
of  sec.  4  (locality  134),  shows  2  feet  6  inches  of  hard,  tough  coal  over- 
lain by  4  inches  of  bony  coal  and  underlain  by  sandy  shale.  Informa- 
tion obtained  east  of  Wayne  Township  indicates  that  the  bed  is 
increasingly  valuable  in  that  direction. 

In  a  prospect  on  the  Wallace  farm,  north  of  Captina  Creek,  in  sec. 
10  Qocality  135),  the  coal  is  in  a  single  clear  bed  3  feet  2  inches  thick, 
with  a  grading  up  into  sandstone. 

Near  the  southwest  edge  of  sec.  10  Gocality  136)  is  another  opening 
in  which  the  coal  closely  resembles  the  bed  as  found  at  the  Wallace 
prospect. 

WASfiOfOTON  COAL. 

The  Washington  coal  lies  105  to  120  feet  above  the  Waynesburg 
coal  and  365  to  385  feet  above  the  Pittsburgh.  It  is  probably  present 
^oughout  Wayne  Township  in  thicknesses  ranging  from  1  to  3  feet 
for  the  upper  and  thicker  bench,  there  being  commonly  two  benches 
separated  by  6  inches  to  5  feet  of  clay.  The  coal  has  been  stripped 
at  dozens  of  places  for  home  use,  but  has  rarely  been  extracted  from 
underground  workings.  Although  high  in  ash,  an  analysis  showing 
21  per  cent,  the  coal  compares  favorably  with  the  Waynesburg  and 
Imontown  of  this  region,  being  only  a  little  lower  in  heating  value. 
Few  exposures  that  permit  accurate  measurement  are  available,  but 
there  are  many  places  on  road  sides  and  in  ravines  where  approximate 
results  can  be  obtained,  some  of  which  are  given. 

Section  of  WaMngUm  coal  on  road  eaU  ofHwnUr^  Wayne  TownMp  (JooaKty  77). 

Shale.  Ft.  in. 

Coal 2  6 

Shale,  carbonaceous 5 

Coal 10 

^tOxon  of  Washington  coal  on  Davis  farm  on  the  west  side  of  sec.  9,  Wayne  Township 

{locality  80). 

Clay  shale,  with  carbonaceous  streaks.  Ft.  in. 

Coal,  with  clay  streaks 2    4 

Clay 3 

Coal,  impure 1    4 

aav. 
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On  the  E.  Moore  faim,  near  the  ceater  of  sec.  2,  the  coal  is  2  feet 
4  inches  thick.  On  the  T.  C.  Perkins  farm,  in  sec.  6  (locality  78),  the 
upper  bench  is  aboat  2  feet  7  inches  thick.  In  the  northeast  comer 
of  sec.  17  Gocality  79),  on  the  Russell  farm,  the  section  in  descending 
order  is  coal  2  feet  9  inches,  day  diale  5  feet,  coal  2  feet.  On  the 
ridge  road  at  the  southwest  comer  of  sec.  27  locality  86)  the  thickness 
is  about  1  foot  3  inches.  The  bed  is  apparently  at  its  best  from 
Hunter  and  Newcastle  eastward  in  the  east  half  of  the  township  and 
thinnest  in  the  southwestern  part. 


The  principal  limestone  beds  of  Wayne  Township  are  in  the  Ben- 
wood  limestone  member,  overlying  the  Meigs  Creek  coal.  The  layers 
form  "pavements''  at  many  places  on  the  valley  floors  of  Captina 
Creek  and  its  tributaries  and  are  exposed  in  the  steep  valley  sides, 
thus  furnishing  a  large  quantity  of  easily  accessible  road  material  for 
all  parts  of  the  township.  Nevertheless  not  a  mile  of  limestone  pike 
has  been  built,  and  the  roads  are  almost  impassable  except  in  the 
dry  summer  period.  A  slight  attempt  has  been  made  at  improving 
them,  and  the  main  traveled  routes  are  graded  into  a  rounded  surface 
to  prevent  ^ash  and  facilitate  drainage,  but  only  the  sandy  ridge 
roads  continue  good  after  a  few  days  of  wet  weather. 

Probably  the  most  durable  and  therefore  the  most  valuable  lime- 
stone beds  of  the  Benwood  member  occur  near  the  top,  about  25  feet 
below  the  Uniontown  coal.  These  beds  include  one  layer  that  is 
especially  persistent.  It  is  about  2  feet  thick,  gray  in  color,  smooth 
textured,  and  of  laminated  appearance  on  the  weathered  surface. 
The  typical  appearance  of  the  lower  beds  of  the  Benwood  limestone 
is  illustrated  by  Plate  X,  B  (p.  64).  They  consist  of  many  layers 
interbedded  with  calcareous  clay,  some  of  which  are  sufficiently 
durable  for  road  metal,  whereas  otliers  are  argillaceous  and  decompose 
readily  on  weathering. 

In  the  southeastern  part  of  the  township,  where  the  sandstone 
over  the  Uniontown  coal  is  tlun  and  less  massive  than  in  other  locali- 
ties, there  is  a  limestone  in  the  upper  portion  of  the  Uniontown- 
Waynesbui^  interval.  This  limestone  is  prc»ninendy  exposed  in  the 
beds  of  Piney  Creek  and  tributaries,  where  its  brownish-yellow 
resistant  layers  form  "cobble  pavements."  The  stratigraphic  posi- 
tion of  this  limestone  is  illustrated  by  a  measurement  made  on  the 
hiU  road  at  the  east  side  of  sec.  3  (locality  131). 

Section  of  Wcu/nesburg  coal  and  associated  strata  in  sec.  Sy  Wayne  Township. 

Shale,  sandy.  Feet. 

Coal,  WajTiesburg 2 

Shale 16 

Coal i 

Limestone,  in  browniah-yellow  layers lOi 
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Another  valuable  limestone  occurs  40  feet  above  the  Washmgton 
coal  throughout  the  towhship.  It  is  most  prominent  near  the  east 
border^  where  its  thickness  is  3  to  5  feet.  The  rock  little  weathered 
in  ravine  exposures  is  sufficiently  durable  to  furnish  excellent  material 
for  road  metal.  Along  the  south  edge  of  the  township  this  bed  is 
thinner  and  occurs  in  nodules  rather  than  layers.  Still  farther 
south  the  bed  disappears  entirely.  The  hills  in  the  west  half  of  the 
township  contain  several  limestone  beds  50  to  100  feet  above  the  one 
just  described.  These,  together  with>  reddish  clay  beds,  form  the 
summits  of  ridges  southeast  of  Hunter  and  east  of  Newcastle. 

8AHD8T0HX. 

Sandstone  of  various  kinds  is  plentiful  in  Wayne  Township.  There 
are  coarse  beds  25  to  40  feet  thick  with  no  bedding  planes,  sandstone 
in  irregular  lenticular  beds,  and  even-bedded  flagstones  that  can  be 
quarried  in  slabs. 

Rock  of  the  massive,  coarse  type  is  particularly  abundant  east  of 
Newcastle,  along  Piney  Creek  and  its  branches.  The  geolc^c  posi- 
tion of  this  sandstone  is  below  the  Washington  coal  and  above  the 
Waynesburg  coal.  The  rock  is  not  firmly  cemented  but  is  sufficiently 
resistant  to  crushing  stresses  to  be  useful  for  foundations.  Sand- 
stone of  similar  character  but  not  so  thick  is  found  below  and  also 
above  the  Meigs  Creek  coal  at  a  few  localities  on  Captina  Creek  and 
its  branches.  The  Meigs  Creek  coal  at  the  mouth  of  Jakes  Run,  in 
sec.  17,  is  underlain  by  coarse  sandstone  more  than  18  feet  thick. 
Toward  the  north  and  west  this  bed  loses  its  massive  character  and 
becomes  flaggy.  Sandstone  replaces  the  lower  portion  of  the  Ben- 
wood  limestone  on  Brushy  Creek  in  sees.  21,  26,  and  27.  It  is  irregu- 
larly bedded  and  grades  into  shale  along  its  outcrop.  The  appearance 
of  this  sandstone  near  the  mouth  of  Brushy  Creek  is  shown  in  Plate 
XI,  ^. 

WASHnTGTON  AND   SMITH  TOWNSHIPS. 

Washington  and  Smith  townships  adjoin  Wayne  and  Goshen 
townships  on  the  east,  and  a  narrow  strip  along  their  west  edges  is 
included  in  the  Woodsfield  quadrangle.  Excellent  exposures  of  the 
rocks  are  foimd  in  the  deep  valleys  of  Captina  Creek  and  its 
tributaries. 

COAL. 

The  minable  coal  beds  of  this  area  include  the  Pittsburgh,  Meigs 
Creek,  Uniontown,  Waynesburg,  and  Washiogton.  These  coalSi 
with  the  exception  of  the  Pittsburgh,  which  is  100  feet  or  more  below 
the  surface,  are  mined  by  the  farmers  at  numerous  places  along  their 
outcrops. 
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PITTSBUIIOH  GOAL. 

The  Pittsburgh  coal  has  been  tested  by  core  drilling  at  a  number  of 
places  in  both  townships.  Records  of  teste  obtained  lead  to  tlio 
belief  that  the  whole  area  is  underlain  by  a  bed  of  coal  5  feet  or  more 
thick. 

M£IO»  CREEK  COAL. 

The  Meigs  Creek  coal  lies  about  100  feet  above  the  Pittsburgh. 
At  the  west  side  of  Washington  Township  it  is  about  15  feet  below 
Captina  Creek.  About  3  miles  farther  east,  beyond  the  limits  of 
the  area  represented  on  the  map,  in  the  big  bend  of  the  creek  1  mile 
north  of  Alledonia,  a  station  on  the  Ohio  River  &  Western  Railroad , 
the  coal  rises  above  drainage  level  and  has  been  opened  by  Shipman 
Bros.  The  coal  is  also  at  the  siuface  for  a  short  distance  along 
Bend  Fork  to  the  north. 

Section  ofMeigB  Cnek  eoal  bed  in  Shipman  Bro$.*  mine^  north  o/AUedonia. 

Roof,  clay  and  limeetone.  Ft.      in. 

Coal 2        1 

Coaly  bony  caonel 2^ 

Coal IJ 

Clay i 

Coal 1        6 

Floor,  clay  shale. 

Thickness  of  bed 3      llj 

A  sample  of  the  coal  in  Shipman  Bros,  mine  was  taken  for  analysis 
(No.  20237,  p.  40). 

The  thickness  of  the  Meigs  Creek  coal,  in  a  diamond-drill  hole  at 
AUedonia,  was  found  to  be  2  feet  8  inches,  and  that  of  the  Lower 
Meigs  Creek  coal,  about  18  feet  lower,  1  foot  9  inches. 


UNIONTOWK  COAXi. 


The  Uniontown  coal,  lying  about  100  feet  above  the  Meigs  Creek 
coal,  is  mined  at  many  places  on  Joy  Fork  and  Bend  Fork,  in 
the  southwest  comer  of  Smith  Township  and  in  Goshen  Township, 
to  the  west.  It  is  also  mined  in  sees.  30  and  36  of  Washington 
Township,  but  is  of  variable  thickness  and  has  an  undulating  sand- 
stone roof.  Farther  south,  in  the  western  part  of  the  same  township, 
in  the  valley  of  Captina  Creek  and  also  to  the  south  up  Crabapple 
Creek,  the  coal  is  merely  a  faint  blossom  in  most  places,  and  the 
Waynesburg  coal  bed,  60  feet  higher,  is  the  principal  source  of  fuel 
for  the  farmers.  On  the  map  (PI.  XII,  in  pocket)  are  represented 
the  outcrops  of  aU  coal  beds  where  known  to  be  of  minable  thick- 
ness. This  map  should  be  studied  by  the  reader  who  wishes  infor- 
mation concerning  specific  localities. 
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In  places  on  Bend  Fork  andits  tributary  Joy  Fork  both  the  Union- 
town  and  Waynesburg  coals  are  mined.  The  Uniontown  is  as  a  rule 
divided  into  two  benches  by  a  band  of  clay  several  inches  thick; 
the  Waynesburg  is  usually  in  one  bench  3  to  4  feet  thick.  The 
typical  structure  of  the  Uniontown  coal  is  illustrated  by  a  measure- 
ment made  in  the  extreme  northeast  corner  of  Wayne  Township,  on 
the  east  bank  of  Bend  Fork  (locality  105,  PI.  VII,  p.  32) .  Half  a  mile 
downstream  from  locality  105,  across  the  line  in  Washington  Town- 
ship, the  coal  is  too  thin  to  be  of  value,  but  it  thickens  still  farther 
downstream  and  is  mined  near  the  mouths  of  Joy  Fork  and  Millers 
Run. 

WAYNE8BUBQ  GOAL. 

The  Waynesburg  coal  is  most  valuable  in  the  western  part  of 
Washington  Township  south  of  Captina  Creek,  on  Crabapple  and 
Piney  creeks.  The  bed  is  also  of  more  or  less  value  to  the  north  in 
parts  of  Smith  Township.  It  is  mined  at  several  places  on  Joy 
Fork,  where  that  stream  follows  the  township  line,  and  is  generally 
2i  to  3i  feet  thick. 

A  representative  measurement  of  the  coal  bed  where  mined  on 
Crabapple  Creek  was  measured  in  the  Stoffel  mine,  on  the  Nathan 
Davis  farm,  on  the  east  side  of  the  valley  halfway  between  Crabapple 
and  Alledonia  stations,  about  half  a  mile  east  of  the  area  represented 
on  the  map. 

Section  of  Wayneaburg  coal  bed  in  Stoffel  mine,  near  Alledonia, 

Koof ,  fihale.  Ft.      in. 

Ooftl,  bony 4 

Coal 2       6i 

Floor,  clay  shale. 

The  analysis  of  a  sample  of  coal  from  the  Stoffel  mine  is  given  on 
page  41  (No.  20236). 

WABHIKOTON  COAL. 

The  Washington  is  the  highest  coal  bed  in  the  stratigraphic  column 
of  this  area.  It  lies  about  100  feet  above  the  Waynesburg  coal. 
The  bed  is  of  little  value,  partly  because  of  its  impurity  and  partly 
for  the  reason  that  there  is  generally  a  foot  or  so  of  clay  shale  near 
tlie  middle,  which  is  a  hindrance  in  mining.  In  the  same  general 
region  are  the  lower  coal  beds,  which  are  thicker  and  more  easily 
accessible,  and  therefore  little  attempt  has  been  made  to  mine  the 
Washington  coal.  The  bed  shows  much  greater  imif  ormity  throughout 
large  areas  than  most  other  coals  of  this  region.  Its  thickness  is 
illustrated  by  a  single  section  measured  in  an  opening  on  the  S.  A. 
Moore  farm,  in  sec.  33,  Washington  Township  (locality  81). 
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Section  of  WaMngton  eoal  onS.  A.  Moore  farm,  tee,  S^,  Washington  Towntkip^ 

Roof,  ahale.  Ft      In. 

Coal,  bony S 

Coal,  bony  in  lower  part 2         1 

Clay 8 

Coal 11 

Floor,  shale. 

ThickneflB  of  bed 3       11 

The  analysis  of  a  sample  taken  in  the  Moore  mine  is  given  on 
page  41  (No.  20238).  The  ash  content  is  21.0  per  cent,  more  than 
twice  that  of  an  average  sample  of  Pittsburgh  coal. 

MONROE  COUNTY. 

SBNEOA  TOWNSHIP. 

LOOATION  AND  8URFA0E   FBATUBSS. 

Seneca  Township  includes  a  part  of  the  original  square  township 
designated  by  the  early  land  surrey  T.  7  N.,  R.  7  W.  The  two  west 
colunms  of  sections  have  been  added  to  Marion  Township,  Noble 
County,  and  a  few  square  miles  in  the  southeastern  part  to  Summit 
Township.  The  Ohio  River  &  Western  Railroad  crosses  the  southern 
part,  following  South  Fork  of  Wills  Creek  and  thence  going  up  a 
tributary  to  the  village  of  Summerfield  in  Noble  County.  Calais 
(pronounced  kay'liss),  the  only  village  in  Seneca  Township,  is  situ- 
ated near  the  north  edge  in  the  broad  flood  plain  of  Seneca  Fork. 
That  stream  partakes  of  the  characteristics  of  all  branches  of  Wills 
Creek  and  other  tributary  streams  of  the  Muskingiun  River  system  in 
that  it  is  a  sluggish  muddy  stream  of  low  gradient.  In  fact,  the 
gradient  is  so  slight  that  disastrous  floods  are  common,  and  nearly 
every  year  Calais  village  is  flooded  and  for  this  reason  the  population 
has  decreased  more  than  half  during  recent  years.  The  number  of 
people  in  1920  was  49,  as  compared  with  114  in  1900.  The  census 
of  1920  shows  the  population  of  the  entire  township  to  be  933. 

The  hills  borduing  the  broad  valleys  of  this  township  rise  in 
moderately  steep  slopes  that  have  for  the  most  part  been  cleared  of 
timber  and  planted  to  tobacco,  which  is  one  of  the  principal  crops. 
Landslides  are  so  prevalent,  however,  that  in  a  few  years  after  re* 
moval  of  the  woodis  large  hillside  tracts  begin  to  creep  during  rainy 
seasons,  and  the  result  is  great  scars  and  a  hummocky  surface  of 
little  use  except  for  grazing.  The  relief,  or  local  range  in  elevation, 
for  the  township  is  a  little  less  than  500  feet,  the  lowest  valley  being 
840  feet  above  sea  level  and  the  highest  simimits  on  the  ridges  1,250 
to  1,300  feet. 
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GEOLOGIC   SEOnON. 

At  first  inspection  the  rocks  of  Seneca  Township  would  seeifi  to 
be  a  monotonous  jumble  of  day,  shale,  and  limestone  with  a  few  beds 
of  sandstone.  It  is  true  that  coal  beds  are  almost  lacking  and  that 
the  other  strata  composing  the  geologic  section  have  a  certain  simi- 
larity. But  on  closer  examination  it  is  found  that  most  of  these  beds 
have  individual  character  and  can  be  correlated  with  similar  strata 
in  more  or  less  remote  areas.  This  is  true  in  particular  of  certain 
limestone  beds  which  are  not  only  persistent  throughout  the  Sum- 
merfield  quadrangle,  but  northeastward  beyond  Ohio  River  into 
West  Virginia  and  Pennsylvania.  The  columnar  sequence  of  strata 
exposed  in  Seneca  Township  is  iUustrated  by  the  following  section 
measured  near  Calais : 

Geologic  sectionf  in  desceruling  order ,  of  strata  near  Calais, 

Shale  and  sandstone  beds,  unmeasured. 

Coal  blossom,  Waynesburg.  Feet. 

Shale J 7 

Clay,  greenish  gray 5 

Sandstone ,  shaly  to  thick  bedded 54 

Coal  blosBom,  Unkmtown. 

Clay  shale  with  a  number  of  limestone  beds 88 

Clay,  olive-green 6 

Clay  shale  and  limestone 13 

Coal  blossom,  Meigs  Creek. 

Sandstone,  shaly 28 

Limestone,  Fishpot,  with  black  streak  above;  position  of  Lower 

Meigs  Greek  coal 3 

Clay,  shale '. 25 

Shale,  carbonaceous  with  dark  shaly  limestone  below;  position  of 

Pomeroy  coal 2 

Shale,  sandy 25 

Clay,  carbonaceoiis;  position  of  Pittsburgh  coal 1 

Limestone,  bluish  with  clay  shale  and  nodular  limestone  below  —  20 

Limestone,  Lower  Pittsburgh,  in  several  thick  beds 6 

Clay  and  limestone  nodules,  grading  down  into  shale  and  sandy  beds. 

The  scarcity  of  prominent  sandstone  members  in  Seneca  Township 
is  manifested  in  the  type  of  topography,  which  differs  from  that  of 
Malaga  Township,  to  the  east,  in  being  much  lees  rugged.  The  hills, 
it  is  true,  are  steep,  but  their  terraced  slopes  have  a  covering  of  soil 
and  turf  through  which  project  only  a  few  of  the  limestone  beds, 
which  crop  out  in  rows  of  bleached  boulders  that  are  conspicuous 
even  from  a  distance. 

MIXERAL   RESOURCES. 

Oil  and  gas  have  been  found  in  Seneca  Township  in  small  quantities 
only,  coal  is  almost  lacking,  and  other  mineral  products  with  the 
exception  of  limestone  are  scarce.     Therefore  this  township  must 
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count  as  its  chief  mineral  resource  the  soil,  which  compares  vei^r 
favorably  with  that  of  the  richest  agricultural  communities  in  eastern 
Ohio. 

The  only  coal  bed  of  possible  value  is  the  Meigs  Creek,  and  its 
extent  in  workable  thickness  (1^  to  2  feet)  is  limited  to  the  southern 
part  of  the  township.  The  coal  is  a  mere  blossom  in  the  vicinity  of 
Calais.  To  the  south,  where  seen  on  a  road  in  sec.  16  (locality  53) , 
on  the  south  side  of  the  valley,  the  bed  is  10  inches  thick.  At  Ethel 
station,  in  the  southwest  comer  of  the  township  (locality  50),  the  bed 
is  2  feet  thick  where  exposed  on  the  road  leading  up  the  hill  to  the 
east.  At  the  township  line,  in  the  southwest  comer  of  sec.  13 
(locality  51),  it  is  1  foot  2  inches  thick. 

The  position  of  the  Pittsburgh  coal  bed,  which  is  so  valuable  to  the 
east  in  parts  of  Belmont  and  Monroe  counties,  is  marked  in  this 
township  by  an  inconspicuous  black  shale  about  100  feet  below  the 
Meigs  Creek  coal.  About  20  feet  lower  is  the  prominent  Lower 
Pittsburgh  limestone,  which  can  be  traced  continuously  from  Calais 
downstream  to  the  mouth  of  Beaver  Creek  and  up  that  valley  beyond 
Batesville  to  Temperanceville,  where  the  Pittsburgh  coal  is  4  to  5 
feet  thick. 

LZMXSTOn. 

Seneca  Township  is  abundantly  supplied  with  beds  of  limestone 
accessible  for  use  on  the  roads.  Nevertheless  not  a  mile  of  pike  has 
been  built,  and  the  roads  rank  among  the  poorest  in  the  region. 
Several  of  the  limestone  members  are  4  to  5  feet  thick,  and  their 
nodular  outcrops  are  easily  accessible  in  almost  any  ravine. 

FBANKUX  TOWNSHIP. 

About  7  square  miles  in  the  northern  part  of  Franklin  Township 
lies  within  the  Summerfield  quadrangle.  Clear  Fork  of  Little  Mus- 
kingiun  River  flows  southeastward  through  the  central  portion,  and 
along  it  are  exposures  of  the  Meigs  Creek  coal  and  associated  strata. 
The  valley  descends  at  the  rate  of  about  20  feet  to  the  mile,  in  close 
i^reement  with  the  dip  of  the  rocks.  Therefore  the  coals  maintain 
about  the  same  position  with  reference  to  the  valley  floor  across  the 
township. 

The  Pittsburgh  coal  is  missing  in  Franklin  Township.  Its  position 
is  about  100  feet  below  the  Meigs  Creek  coal,  or  50  to  60  feet  below 
the  valley  of  Clear  Fork.  So  far  as  known  the  bed  has  never  been 
recorded  in  oil-well  drillings  in  this  area. 

The  Meigs  Creek  coal  is  most  valuable,  in  the  southwestern  part  of 
the  ^  m  the  Macksburg  quadrangle,  where  it  is  2  to  3  feet 

tb'  ^  than  2  feet  thick  on  Clear  Fork  in  the  northern  part 
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of  the  township,  and  little  or  no  attempt  to  mine  it  has  been  made 
by  the  farmers.  The  thickness  at  Swazey  is  8  inches  and  at  the  north 
township  line  Qocality  51),  1  foot  2  inches. 

The  strata  higher  than  the  Meigs  Creek  coal,  although  more  than 
200  feet  thick,  lack  coal  beds  of  any  value.  The  Uniontown  and 
Waynesbui^  beds  are  represented  here  by  mere  ''markers"  or  impure 
shaly  coal  only  a  few  inches  thick. 

ST7HMIT  TOWNSHIP. 
LOCATION  AND   STJBFAOE  FEATURES. 

The  political  division  designated  Summit  Township  is  an  irregular- 
shaped  area  occupying  parts  of  four  townships  of  the  original  land 
survey.  One  square  mile  at  the  south  side  lies  within  the  Matamoras 
quadrangle;  the  greater  part  is  in  the  Woodsfield  quadrangle;  and 
a  narrow  strip  along  the  west  border  lies  in  the  Summerfield  quad- 
rangle. The  Ohio  River  &  Western  Railroad  extends  eastward 
across  the  south-central  portion,  and  on  it  is  Lewisville,  the  only 
village  in  the  township.  The  population  of  Lewisville  in  1920  was 
230,  and  that  of  the  township  915. 

The  central  part  of  the  township  consists  of  several  divides  which 
separate  the  waters  of  northwestward-flowing  tributaries  of  Wills 
Creek,  of  the  Muskingum  River  system,  from  eastward-flowing 
branches  of  Sunfish  Creek  and  southward-flowing  streams  that 
empty  into  Little  Muskingum  River.  The  railroad  follows  the 
principal  divide  westward  from  Woodsfield  to  Lewisville  and  thence 
goes  down  South  Fork  of  Wills  Greek  for  several  miles.  A  few  hills 
near  the  railroad  in  the  eastern  part  of  the  township  rise  more  than 
1,300  feet  above  sea  level,  but  the  general  elevation  of  the  upland 
ridges  ranges  from  1,200  to  1,250  feet.  In  the  valley  at  the  north- 
west comer  of  the  township  the  elevation  is  about  900  feet.  The 
surface  of  Summit  Township  is  somewhat  less  rugged  than  that  of 
the  western  part  of  Malaga  Township,  especially  in  the  approaches 
to  the  valleysi  owing  to  the  less  prominent  exposures  of  certain 
sandstone  beds  that  are  conspicuous  to  the  north. 

STRATIOBAFHIC   SEOTION  OF  BOCKS  AT  THB  SUBFAOB. 

The  thickness  of  the  strata  appearing  at  the  surface  in  Summit 
Township  is  about  550  feet,  including  beds  ranging  in  position  from 
&  few  feet  above  the  Pittsburgh  coal  horizon  to  more  than  100  feet 
&bove  the  Washington  coal  bed,  which  crops  out  throughout  the 
^tem  part  of  the  township.  The  succession  of  strata  is  illustrated 
^7  the  following  general  section,  which  is  compiled  from  measure- 
ments made  at  a  number  of  places. 
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Oeneralited  ieetum^  in  de$oending  order,  ofttraia  in  SvmiMi  TownMp. 

Washington  formation:  Feet. 

Shale,  red  clay,  and  thin-bedded  sandstone 130 

Coal,  nonpersistent. 

Shale,  clay,  orsandstone 25 

Coal,  Washington 1-2 

Clay,  and  shale 18 

Shale,  sandy,  with  beds  of  shaly  sandstone 56 

Carbonaceous  shale,  Waynesburg  "A'*  coal  horizon. 

Shale,  reddish  or  gray,  with  local  sandstone  beds 53 

Monongahela  formation: 

Coal,  thin,  or  only  carbonaceous  shale;  position  of  Waynes- 
burg coal. 

Shale 8 

Clay,  greenish  gray 5 

Shide,  grading  down  into  sandstone  of  variable  character, 

coarse  grained  and  maasive  at  north  edge  of  township 48 

Coal  or  black  shale,  Unicmtown,  commonly  in  two  parts  with 
10  feet  of  shale  between,  the  lower  part  the  more  prominent. 

Clay  shale,  with  nodular  limestone  in  lower  portion 9 

ShiJe,  sandy,  or  sandstone : .      25 

Clay  shale,  with  thin  beds  ol  clayey  limestone 4 60 

Clay,  olive-green 4 

Clay  shale,  or  impure  limestone 11 

Coal,  Meigs  Creek,  thin. 

Shale,  sandy 27 

Coal,  Lower  Heigs  Cf«ek 1-2} 

limestone  in  several  layen;  upper  beds  gray,  lower  ones 

yellowish 5 

Shale,  sandy « 24 

Limestone  or  limy  clay 1 

Shale,  sandy 27 

Shale,  black,  with  daiic  limestone  below 3 

Shale,  sandy  or  sandstone 23 

Pittsburgh  coal  horizon;  black  flhale  underlain  by  Umeitone 
beds.  No  outcrop  in  the  township.  The  coal  is  missing  in 
the  western  part  of  the  township  but  may  be  of  minable 
thickness  in  the  eastern  part. 

Probably  the  most  persistent  beds  of  this  section  are  the  Wash* 
ington  coal  and  the  greenish-gray  clay  below  the  position  of  the 
Waynesburg  coal.  The  green  day  a  few  feet  above  the  Meigs 
Creek  coal  is  also  present  in  laige  areas  and  forms  a  conspicuous 
greenish  band  on  the  washed  hillsides  that  can  hardly  be  mistaken 
for  any  other  stratum.  Generally  sandstone  overlies  the  Union- 
town  coal,  but  it  is  far  less  massive  and  prominent  than  in  ravines 
farther  north.  The  sandstone  lying  below  the  Washington  coal  is 
shaiy  at  the  east  edge  of  the  township  and  of  increasing  prominence 
eastward  beyond  Woodsfield. 
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STBUCTUIUB. 

The  dip  of  the  beds  ranges  from  neariy  east  to  south  at  a  rate  of 
10  to  30  feet  to  the  mile.  There  are  no  well-defined  anticlines  in 
Summit  or  neighboring  townships,  and  the  only  variations  from  the 
r^ar  southeastward  dip  are  a  few  cross  flexm'es  that  produce 
synclinal  "  embayments "  or  slight  promontory-like  "  noses "  such  as 
that  1  mile  west  of  Lewisville.  The  direction  and  degree  of  dip  are 
represented  on  Plate  XII  (in  pocket)  by  contours  drawn  on  the  base 
of  the  Pittsburgh  coal. 

MINBRAL  B£80UBC£S. 

The  mineral  resources  of  Simunit  Township  of  greatest  importance 
are  oil  and  gas.  Coal  is  present,  but  the  quantity  can  be  proved 
with  certainty  only  when  considerable  testing  has  been  done  with 
the  diamond  drill.  Sandstone  and  limeston^  occur  in  moderate 
amount^  the  former  being  found  well  up  in  the  hills  and  the  latter 
low  in  the  valleys  in  the  western  part  of  the  township. 

The  principal  oil  sands  are  the  Big  Injim,  Keener,  Big  lime,  and 
Maxton,  all  of  which  are  productive  in  the  pool  at  Lewisville  and 
eastward.  In  fact,  several  of  these  sands  may  be  productive  in  the 
same  well. 

COAL. 

There  are  three  coal  beds  of  possible  value  in  Summit  Township — 
the  Pittsburgh,  Lower  Meigs  Creek,  and  Washington.  (See  general 
section,  p.  16.)  The  Pittsburgh  coal  is  below  the  surface,  and  its  thick- 
ness is  in  doubt  throughout  most  of  the  township.  The  other  two 
are  of  only  moderate  value  owing  to  their  inferior  quality  and  thin- 
ness and  for  other  reasons  that  are  given  below. 

FTTTSBUBOH  COAL. 

The  Pi^burgh  coal,  one  of  the  most  valuable  beds  in  Belmont 
and  Monroe  counties,  is  of  known  value  as  far  west  as  Malaga  and 
Miltonsburg,  but  thins  abruptly  a  short  distance  farther  west.  In 
Summit  and  Center  townships  the  western  limit  of  valuable  coal  is 
in  doubt.  The  only  information  at  hand  is  derived  from  oil-well 
records,  which  are  far  from  reliable.  A  coal  at  about  the  position  of 
the  Pittsburgh  is  recorded  eastward  from  Lewisville  and  northeast- 
ward toward  Miltonsburg,  but  not  in  the  Cooper  or  Monroefield  oil 
pools.  The  reasons  for  questioning  the  value  of  the  Pittsburgh  coal 
in  parts  of  Center  Township,  as  explained  in  the  description  of  that 
township,  are  also  applicable  to  Summit  Township. 

On  the  index  map  (PL  V,  p.  28)  are  represented  the  locations  of 
some  of  the  wells  drilled  for  oil,  the  records  of  which  mention  a  coal 
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bed  that  is  possibly  the  Pittsburgh.  The  elevation  of  each  well  has 
been  determined  and  also  the  elevation  of  a  near-by  outcrop  of  the 
Washington  coal;  therefore,  at  each  well  the  interval  between  Uie 
Washington  and  Pittsburgh  coal  beds  has  been  determined.  The 
interval  is  about  380  feet  at  Liewisville  and  increases  eastward  to 
about  415  feet  near  Woodsfield.  It  is  possible  that  the  coal  recorded 
at  Lewisville  is  the  Pomeroy,  whose  position  is  25  to  35  feet  above , 
the  Pittsburgh.  In  the  logs  of  many  of  the  wells,  including  prac- 
tically all  wells  west  of  a  line  extending  from  Lewisville  toward 
Miltonsburg  (shown  by  the  dotted  line  on  the  map),  drillers  have 
reported  ''no  coal"  or  ''coal  marker."  In  summing  up  the  evidence 
it  is  therefore  believed  unsafe  to  regard  any  portion  of  the  Pittsburgh 
coal  in  Summit  Township  as  of  proved  value.  There  may  be  a  con- 
siderable area  of  valuable  coal,  but  its  presence  can  be  demonstrated 
only  by  testing  with  the  diamond  drill. 

MBI08  CREEK  AND  LOWER  MBI08  CREEK  COAL. 

The  Meigs  Creek  and  Lower  Meigs  Creek  coal  beds  crop  out  low  in 
the  valleys  in  the  western  part  of  the  township.  Neither  is  more  than 
2  feet  thick  at  any  place  where  seen.  Their  relative  positions,  as 
shown  in  the  general  section,  are  about  28  feet  apart.  The  lower 
coal  is  invariably  underlain  by  gray  limestone,  and  the  interval  be- 
tween it  and  the  upper  coal  consists  of  sandstone  or  sandy  shale. 
About  15  feet  above  the  Meigs  Creek  coal  is  a  bed  of  olive-green  clay 
differing  in  appearance  from  any  other  in  the  region,  and  this  of  itself 
is  an  unerring  guide  in  the  identification  of  the  subjacent  coal.  The 
greatest  thickness  of  the  Meigs  Creek  coal  was  seen  on  the,  valley 
road  in  the  southwest  comer  of  sec.  2  locality  54,  PI.  VI),  where  it 
is  1  foot  2  inches  thick.  The  Lower  Meigs  Creek  bed  is  slightly 
thicker,  ranging  from  1^  to  2  feet  in  sec.  2  and  at  other  places. 

WASHINGTON  COAL.  n. 

The  Washington  coal  bed  is  confiined  to  the  high  hills  from  Lewis- 
ville northward  and  eastward.  Its  blossom  may  be  seen  on  nearly 
every  ridge  road.  At  a  few  places  the  thickness  is  evident  in  natural 
exposures.  Near  Lewisville  the  bed  is  about  1  foot  thick,  and  has 
yellow  clay  below  and  sandstone  above.  Near  the  railroad  at  the 
east  side  of  the  township  the  bed  is  1 }  feet  thick  and  has  been  mined 
by  stripping  at  a  few  places. 

SAimSTOVS  AND  LDCESTOVB. 

Sandstone  in  massive,  bold  exposures  is  far  less  plentiful  in  Sunmiit 
Township  than  to  the  north  in  Malaga  Township  or  to  the  east  in 
Center  Township.    The  most  prominent  beds  probably  occur  above 

^  Uniontown  coal  horizon,  as  in  the  western  part  of  Malaga  Town- 
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^hip,  but  the  beds  are,  as  a  rule,  even-bedded,  shaly  layers  and,  ex- 
cept along  the  north  edge  of  the  township,  are  not  well  suited  lor 
easy  quarrying  and  of  little  use  for  building.  There  is,  however,  a 
supply  of  sandstone  more  than  adequate  for  local  use  in  the  construc- 
tion of  foundations. 

The  strata  at  the  surf  ace  in  the  eastern  two-thirds  of  the  township 
include  no  limestone  beds  of  value,  and  the  same  is  true  of  the  western 
portion  with  the  exception  of  the  deeper  valleys,  whose  terraced  slopes 
contain  a  number  of  prominent  limestone  layers  interstratified  with 
sandy  shale.  One  of  the  best  layers  lies  below  the  Lower  Meigs  Creek 
co&I.  It  is  3  to  6  feet  thick  and  sufficiently  durable  for  road  metal. 
The  h)ck  has  also  been  burned  for  agricultural  lime.  A  number  of  lime- 
stone layers  are  distributed  through  the  section  20  to  70  feet  above 
the  Meigs  Creek  coal,  but  most  of  them  axe  clayey  and  not  very 
durable. ' 

MALAGA  TOWNSHIP.  ' 

LOCATION   AND   SURFACE   FEATUBE6, 

Malaga  Township  is  an  irregular-shaped  area  covering  parts  of  two 
townships  of  the  early  land  survey,  including  the  northwest  third  of 
T.  6  N.,  R.  5  W.,  and  the  north  two-thirds  of  T.  6  N.,  R.  6  W. 

Malaga,  Miltonsburg,  and  a  part  of  Jerusalem  are  the  only  villages. 
The  population,  which  in  1920  was  1,106,  consists  largely  of  people 
of  German  descent  whose  fathers  settled  in  the  region  30  or  40  years 
ago.  Shipping  facilities  are  furnished  by  the  Ohio  River  &  Western 
Railroad,  which  crosses  the  adjoining  township  at  a  distance  of  about 
2  miles  beyond  the  south  and  east  township  limits.  Woodsficld,  the 
principal  town  on  the  railroad,  is  about  7  miles  from  Miltonsburg  and 
8  miles  from  Malaga. 

There  is  no  limestone  pike  within  the  township.  A  good  road 
extends  from  Bamesville,  about  17  miles  north,  to  the  county  line 
half  a  mile  north  of  Malaga  village.  Most  of  the  ridge  roads  are 
good  because  of  the  generally  sandy  soil,  but  most  of  the  valley  roads 
are  poor. 

The  surface  of  Malaga  Townsliip  is  drained  chiefly  by  southeast- 
ward-flowing tributaries  of  Sunfish  Creek,  which  head  in  the  west- 
central  portion  and  flow  in  valleys  100  to  200  feet  deep.  The  western 
third  is  deeply  channeled  by  westward-flowing  tributaries  of  Willis 
Creek,  a  branch  of  Tuscarawas  River.  These  streams,  almost  to  their 
sources,  are  bordered  by  steep  valley  slopes  200  feet  high.  The  bot- 
toms of  the  valleys  are  about  900  feet  in  elevation  at  the  west  town- 
ship line.  The  least  elevation  on  the  eastward-flowing  streams  is 
about  1,000  feet. 

The  siuiace  of  the  upland  is  far  from  level,  but  there  are  fairly 
smooth  areas  in  the  southeastern  part  of  the  township  at  about  1,220 
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feet  above  sea  level,  rising  northward  to  about  1,300  feet  near  Malaga. 
Whether  these  level  stretches  are  controlled  by  resistant  underlyiiig 
rock  or  are  solely  the  result  of  erosion  is  not  certain.  It  is  evident, 
however,  that  the  terraced  slopes  so  prevalent  in  this  region  are 
caused  by  strata  of  unequal  hardness,  the  resistant  sandstone  and 
sandy  shale  beds  forming  steep  slopes  which  flatten  to  a  gentle  angle 
on  the  outcrops  of  clay,  shale,  and  coal  beds. 

OEOLOGIG   SECTION. 

The  rocks  that  crop  out  in  Malaga  Township  constitute  a  columnar 
section  a  little  more  than  400  feet  thick.  At  the  base,  along  Paynes 
and  Seneca  forks  of  Willis  Creek,  are  limestones  at  the  horizon  of  the 
Pittsburgh  coal,  which  is  too  thin  to  be  of  value  there  but  is  of 
economic  importance  where  it  lies  under  cover  in  the  eastern  part 
of  the  township.  The  floors  of  valleys  on  the  southeast  border  of  the 
township  consist  of  rocks  overlying  the  Uniontown  coal  and  more 
than  200  feet  above  the  Pittsburgh  bed.  In  the  hills  is  the  Wash- 
ington coal  with  associated  limestone  beds.  The  strata  that  make 
up  the  hills  vary  greatly  from  place  to  place.  Some  coal  and  lime- 
stone beds  are  persistent  throughout  entire  counties;  others  may 
ap'pear  and  disappear  within  a  distance  of  only  a  few  miles. 

The  beds  between  the  coals  consist  largely  of  shale  and  sandstone, 
which  are  especially  variable,  there  being  all  gradations  from  shale 
through  sandy  shale  to  coarse  massive  sandstone. 

The  Washington  coal  appears  in  roadside  outcrops  on  most  of  the 
ridge  roads  and  is  in  fact  the  only  coal  bed  of  any  value  in  the  hills. 
The  Waynesburg  coal  fails  to  appear  in  workable  thickness,  and  the 
Uniontown  coal  is  likewise  thin  except  along  the  creek  beds  in  the 
extreme  southeast  comer  of  the  township.  The  Washington  coal 
is  therefore  of  especial  value  as  a  key  to  geologic  exposures  because 
it  is  so  easily  recognized. 

Chert  or  flinty  rock  is  far  from  abimdant  in  the  Woodsfield  and 
Summerfield  quadrangles,  being  found  at  only  two  places,  one  of 
which  is  in  the  high  hills  west  of  Miltonsburg.    The  cherty  rock  occurs 
in  a  number  of  thin  beds  about  120  feet  above  the  Washington  coal. 
It  is  only  a  few  feet  thick,  but  is  so  resistant  to  weathering  that  , 
fragments  of  it  are  strewn  over  the  surface  of  the  hiUs.    The  rock  | 
is  of  a  rusty  brownish  color,  flecked  with  peculiar  small  white  spots  i 
of  angular  outline  which  are  cross  sections  of  crystals. 

The  beds  to  a  depth  of  120  feet  below  the  Washington  coal  consist  , 
of  shale,  reddish  clay,  or  sandy  strata,  most  of  which  are  not  strongly  , 
resistant  to  erosion  and  form  gently  receding  slopes,  slightly  ter-  I 
raced.  A  little  lower,  however,  is  the  prominent  sandstone  (correlated  I 
with  the  GUboy  sandstone  of  West  Virginia  reports)  which  overlies   I 
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the  Uniontown  coal  bed  and  is  largely  accountable  for  the  steep 
valley  slopes  in  the  western  part  of  the  township. 

STBUCTXJBE. 

The  lay  or  geologic  structure  of  the  rocks  is  illustrated  on  Plate  XII 
(in  pocket)  by  contours  drawn  on  the  base  of  the  Pittsburgh  coal. 
Although  that  bed  is  not  everywhere  present  where  geologicaUy 
due,  its  position  is  conspicuously  marked  by  underlying  lime- 
stone beds,  and  the  structural  contours  are  drawn  from  eleva- 
tions taken  on  the  limestone.  There  is  a  fairly  imif orm  southeasterly 
dip  throughout  the  township,  with  a  few  local  irregularities  such  as 
the  terrace-like  flattening  at  Malaga  and  the  shallow  trough  extend- 
ing in  a  nearly  north-south  direction  east  of  that  village.  In  the 
western  part  of  the  township  there  is  a  flat  anticline  from  which  the 
Tocks  dip  to  the  southwest,  south,  and  east. 

MINBBAL  RESOUBOES. 

The  principal  mineral  products  of  Malaga  Township  are  oil  and  gas, 
there  being  more  than  120  wells  that  have  produced  one  or  the  other 
of  these  products.  The  principal  productive  oil  sands  are  the  Keener 
and  the  Big  lime.    The  Berea  sand  yields  oil  at  a  few  places. 

GOAL. 

The  coals  that  crop  out  in  Malaga  Township  are  of  little  value, 
although  the  positions  of  at  least  six  beds  of  value  in  other  town- 
ships are  marked  by  more  or  less  carbonaceous  material.  These  are, 
in  ascending  order,  the  Pittsburgh,  Lower  Meigs  Creek,  Meigs  Creek, 
Uniontown,  Waynesburg,  and  Washington. 

PITT8BUBOH  COAL. 

(hdcropping  portion. — ^The  Pittsburgh  coal  bed,  so  far  as  known,  is 
little  more  than  a  carbonaceous  shale  where  exposed  in  the  valleys  of 
Seneca  Fork,  Paynes  Fork,  and  North  Fork,  in  the  western  part  of 
the  township  and  in  Seneca  Township  to  the  west.  The  position  of 
the  hed  is  marked  by  black  shale  underlain  by  limestone  and  sandy 
shale.  About  20  feet  lower  is  the  prominent  Lower  Pittsburgh  lime- 
stone, which  can  be  followed  in  outcrop  northward  to  regions  where 
the  Pittsburgh  coal  is  a  valuable  bed. 

The  coal  lying  beneath  a  heavy  sandstone  low  in  the  valleys  ntfar 
the  west  edge  of  the  township  is  the  Lower  Meigs  Creek  coal  and  not 
the  Pittsburgh  bed,  although  it  has  been  so  identified  by  some 
observers.  This  bed  has  been  mined  in  a  small  way  near  the  head- 
waters of  Paynes  Fork  and  Seneca  Fork  of  Wills  Creek. 

Portion  under  cover, — ^Under  cover  the  Pittsburgh  coal  probably 
exists  in  valuable  thickness  throughout  the  eastern  two-thirds  of  the 
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township.  This  is  indicated  by  several  core-drill  tests  and  by  records 
of  numerous  oil  wells.  The  oil-well  records,  it  is  true,  are  of  litlie 
value  as  positive  evidence  of  the  thickness  of  a  coal  bed,  but  the  fact 
that  the  coal  is  noticed  by  the  driller  is  fair  evidence  that  the  bed  is 
several  feet  thick.  The  approximate  western  limit  of  workable  coal, 
as  designated  on  the  index  map  (Pl»  V,  p.  28)  by  a  dashed  line, 
extends  in  a  direction  slightly  east  of  south  from  the  middle  of  sec.  24 
to  the  south  township  line  in  the  western  part  of  sec.  15.  Northward 
the  line  extends  along  the  west  side  of  Boston  to  Temperance ville. 
The  coal  is  reported  in  the  oil  wells  of  the  Egger  pool,  in  sec.  15,  and 
also  in  the  coal  test  on  the  Williams  farm,  at  the  west  edge  of  sec.  18. 
No  record  of  the  coal  test  on  the  Miller  farm,  in  the  same  section,  was 
obtained.  No  Pittsburgh  coal  is  reported  in  weUs  drilled  in  sec.  21 
or  westward  in  the  Monroefield  pool.  The  coal  is  likewise  missing  in 
the  Cooper  pool  southeast  of  Monroefield 

On  the  index  map  (PI.  V)  are  shown  by  dots  the  locations  of  some 
of  the  oil  wells  in  the  records  of  which  mention  is  made  of  the  Pitts- 
burgh coal.  The  presence  of  the  bed  south  of  Mi^tonsburg  in  sec.  9 
and  a  portion  of  sec.  15  seems  established. 

Records  of  the  strata  penetrated  in  diamond-drill  coal  test  holes 
on  several  farms  have  been  furnished  by  Mr.  Edward  Cbristman  and 
are  given  in  part  below. 

Partial  record  of  core-drill  hole  No.  fJ,  on  Williams  farm ,  sec.  18  j  Malaga  Township. 


Depth. 


Shale,  carbonaceous,  place  of  Uniontown  coal. 

Tnten^al  mostly  shale  and  limestone 

Shale,  carbonaceous,  place  of  Meigs  Creek  coal . 

Interval,  mostly  shale 

Coal,  Lower  Meigs  Creek 

Tnterral,  shal(»,  sandstone,  and  limestone 

Coal,  Pittsburgh 

Limestone. 


Condensed  record  of  core-4r\ll  holt  No.  tSj  on  Sloan  farm j  in  the  NE,  J  sec.  17,  Malaga 

Toumship. 


■^-  ;   IHptU. 


I  Ft.  in. 

Sandstone,  limestone,  and  clay '  U9  9 

W  ayne  ^burg  coal  bed :  ! 

Slate  and  coal I  6 

Slate,  dark ,  5  1 

Slate  and  ooal '  S 

Shale,  dark 1  6 

Coal 1  3 

Shale,  dark ,  2  3 

Slate  and  coal 6 

Limestone,  shale,  and  sandstone 146 

Cool  marker,  Meigs  Creek I  1  3 

Limestone,  shale,  and  sandstone 83  4 

Coal,  Ptttsburgh »  4  S 

T'lmestone.  1 


r(.  in. 
U«     9 
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277 

361 
36& 
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LOWBB  MU06  CBBKK  COAL. 

The  Lower  Meigs  Creek  ooal,  as  shown  in  the  record  of  the  core- 
drill  hole  on  the  Williams  fann,  Ues  82  feet  above  the  Pittsburgh 
bed.  Ite  thickness,  2  feet  3  inches,  as  recorded  there,  is  similar  to 
that  found  to  the  west  where  seen  in  outcrop.  The  bed  has  locally 
a  thickness  of  3  feet,  but  2  feet  is  nearer  the  average.  It  has  been 
mined  by  stripping  at  a  few  places.  In  the  valley  northwest  of 
Monroefield  the  coal  contains  many  ''soot''  bands  or  '' dirt"  streaks. 
The  bed  is  at  its  best  on  Paynes  and  Seneca  forks,  there  being  few 
places  elsewhere  in  eastern  Ohio  where  it  is  present  in  minable 
thickness. 

This  coal  has  been  recorded  in  nearly  all  the  oil  wells  in  the  Mon- 
roefield pool  and  has  been  labeled  the  Pittsburgh  by  the  drillers. 
Its  position,  about  325  feet  below  the  .Washington  coaJ,  which  crops 
out  at  Monroefield,  alone  is  proof  that  the  bed  is  too  high  to  be  the 
Pittsburgh,  whose  position  is  about  400  feet  below  the  Washington 
coal  as  recorded  in  wells  2  miles  east  of  Monroefield. 

MEI08  CREEK  COAL. 

The  Meigs  Creek  coal  normally  lies  25  to  35  feet  above  the  Lower 
Meigs  Creek  coal.  It  is  thin  or  lacking  on  the  outcrop  in  Malaga 
Township  and  is  likewise  of  little  or  no  importance  to  the  east  under 
cover.  A  coal  reported  75  to  85  feet  above  the  Pittsburgh  in  most 
oil  wells  is  probably  the  Lower  Meigs  Creek  described  above.  The 
usual  interval  between  the  Pittsburgh  and  Meigs  Creek  coals  in  this 
township  is  95  to  105  feet. 

UNIONTOWN  COAL. 

The  Uniontown  coal  is  represented  by  black  shale  on  the  outcrop 
in  the  western  part  of  the  township.  Over  the  shale  is  a  thick  bed 
of  coarse  sandstone.  The  outcrop  in  the  eastern  part  of  the  town- 
ship is  limited  to  a  distance  of  about  1  mile  along  the  valley  of  Baker 
Fork  and  its  tributary  Grassy  Creek  in  sees.  27  and  33.  The  bed  is 
2  to  3  feet  thick  and  contains  a  number  of  shale  layers.  It  has  been 
mined  for  home  use  at  a  number  of  places.  The  following  measurer- 
ment  made  on  the  D.  T.  Clark  farm  (locality  111)  is  representative. 

Section  of  Unionlown  coal  on  D.  T.  Clark  farm^  sec.  f7,  Malaga  TowmMp. 

Shale,  unmeasured.  Ft.  in. 

Coal 4 

Shale i 

Coal,  with  earthy  bands 1 

Clay,  with  coal  streaks 1      8} 

Coal H 

Clay 5 

Goal 10 

Shale.  

Thickness  of  coal  bed 5      IJ 
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A  few  feet  above  the  coal  is  sandstone  ranging  from  shaly  and 
irregularly  bedded  to  coarse  grained  and  massive.  Coal  is  recorded 
at  the  Uniontown  horizon  in  a  number  of  oil  wells  in  the  eastern  p&rt 
of  the  township,  but  there  is  little  hope  that  the  bed  is  aaywhez^ 
more  valuable  than  in  the  mine  on  the  dark  farm. 

WATNESBURO  COAL. 

The  Waynesburg  coal  is  of  little  value  on  its  outcrop  in  Malaga. 
Township.  No  place  was  found  where  the  bed  has  been  mined.  It 
is  possibly  present  in  workable  thickness  along  the  north  boundary 
and  is  known  to  be  of  some  value  in  the  adjoining  township  to  the 
north  in  Belmont  County.  In  the  western  part  of  the  township  the 
bed  consists  of  a  few  inches  of  shaly  coal  lying  in  the  midst  of  sandy 
shale,  with  a  bed  of  green  clay  about  7  feet  below.  This  day,  whicli 
is  5  to  8  feet  thick,  is  persistent  throughout  large  areas  bo^  where 
the  coal  is  lackiDg  and  where  it  is  bf  minable  thickness. 

The  Waynesbuig  coal  has  been  recorded  in  core-drill  hole  No*  26, 
on  the  Sloan  farm,  in  the  NE.  i  sec.  17,  and  the  measurement  is 
as  follows: 

Sidian  of  WaffneAurg  tool  in  cort-drUl  hole  on  Shan  farm,  uc,  17,  Malaga  Toumshxp, 

Shale,  unmeasured.  Ft.  in. 

Coal  and  shale 5 

Shale 6  1 

Coal  and  shale 3 

Shale 1  6 

Coal 1  3 

WASHINGTON  COAL. 

Practically  all  coal  seen  in  the  roadside  exposures  in  the  hills  near 
Monroefield,  Miltonsburg,  and  Malaga  is  the  Washington  bed.  This 
coal  is  the  most  persistent  in  the  entire  region  but  has  been  utilized 
very  slightly,  owing  to  its  inferior  quality  and  small  thickness. 
At  Monroefield  Gocality  02)  the  bed  consists  of  two  layers,  the  lowor 
1  foot,  2  inches  thick  and  the  upper  8  inches,  with  5  inches  of  clay 
between.  West  of  Malaga,  at  locality  00,  the  bed  is  about  2  feet 
thick,  and  southward  beyond  Miltonsburg  it  diminishes  to  about 
1^  feet.  The  two  layers  with  the  middle  clay  band  represent  the 
usual  form  of  the  bed. 

SAvnsToirs  Aim  uxssToinE. 

The  principal  sandstone  beds  of  Malaga  Township  lie  above  the 
Uniontown  coal.  They  vary  considerably  in  appearance.  On 
Baker  Fork,  in  the  southeast  comer  of  the  township,  the  sandstone 
ranges  from  a  single  thick  homogeneous  coarse-textured  layer  smt- 
able  for  quarrying  to  thin-bedded  irregular  layers  that  can  have  no 
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use  except  for  road  metal.  Tliere  is  also  considerable  yariation  in 
character  where  the  beds  crop  out  in  the  western  part  of  the  town- 
ship. North  of  Monroefield,  about  the  headwaters  of  Paynes  Fork, 
the  rock  is  in  massive  layers  30  to  40  feef;  thick  that  form  cliffs  and 
overhanging  shelves  along  the  ravines.  The  appearance  of  the 
sandstone  on  the  W.  F.  Peters  farm,  in  sec.  22,  is  illustrated  by 
Plate  X,  A.  The  Catholic  Church  near  Miltonsburg  was  built  of 
stone  quarried  on  the  Peters  farm. 

The  roads  of  the  township  have  not  been  piked  with  limestone, 
although  there  is  a  fair  supply  of  rock  that  can  be  obtained  without 
great  difficulty.  In  the  central  and  eastern  parts,  the  only  limestone 
bed  of  importance  lies  above  the  Washington  coal.  It  is  8  to  5  feet 
thick  in  the  vicinity  of  Miltonsburg,  Malaga,  and  Jerusalem  but  of 
less  prominence  or  lacking  near  Monorefield  and  other  places  in  the 
southern  part  of  the  township.  The  limestone  near  Miltonsburg 
consists  of  several  layers  of  dark-gray  color  and  tough  texture  which 
lie  10  feet  above  the  Washington  coal. 

In  the  valleys  in  the  western  part  of  the  township  are  numerous 
limestone  beds  lying  170  to  400  feet  stratigraphicaUy  lower  than  the 
limestone  over  the  Washington  coal.  The  principal  beds  are  below 
the  Lower  Meigs  Creek  coal  and  are  adequate  in  quality  and  quantity 
for  piking  roads  throughout  the  township. 

STTNBBUBY  TOWNSHIP. 
.  LOCATION  AND  SUBFACE  FEAXUBES. 

Sunsbury  Township  is  an  irregular  area  made  up  of  parts  of  T.  4  N., 
R.  4  W.,  and  T.  5  N.,  R.  5  W*  All  but  two  columns  of  sections  on 
the  east  side  of  the  township  lie  within  the  Woodsfield  quadrangle. 

The  population  of  Sunsbury  Township  in  1920  was  1,490.  Of  this 
number  555  were  attributed  to  Beallsville,  the  principal  village. 
The  Ohio  River  &  Western  Railroad  runs  northward  along  the  west 
side  and  eastward  along  the  north  side  for  4  miles,  thence  northeast- 
ward across  Belmont  County  to  Bellaire,  on  Ohio  River. 

Nearly  aU  the  waters  of  Sunsbury  township  are  carried  by  tribu- 
taries of  Sunfish  Creek  which  rise  near  the  north  edge  of  the  town- 
ship and  flow  a  little  east  of  south.  The  principal  streams  are  Death 
Creek,  Piney  Fork,  East  Fork  of  Piney  Fork,  and  Ackerson  Run. 
The  Sunfish  Creek  drainage  basin  is  separated  from  that  of  Captina 
Creek  by  an  east-west  divide  which  is  followed  for  several  miles  by 
the  railroad.  The  upper  waters  of  Piney  Fork  flow  in  broad  valleys 
bordered  by  gentle  slopes  and  low  hills,  but  to  the  south  near  the 
township  line  there  is  an  abrupt  deepening  and  the  vallejrs  narrow 
to  gorges  boimded  by  steep  wooded  slopes  and  sandstone  cliffs. 
This  change  from  mild  to  rugged  topography  is  due  to  the  presence 
of  a  prominent  sandstone  bed  40  to  50  feet  thick. 
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The  least  elevation  is  about  860  feet  on  Piney  Fork.  The  neigh* 
boring  hills  rise  to  about  1,200  feet,  and  the  general  elevation  of  the 
upland  on  the  principal  divides  is  1,250  to  1,300  feet.  The  greateet 
elevation  is  in  the  northeast  comer  of  the  township,  where  two  hill- 
tops rise  above  1,400  feet.^ 

GEOLOGIC   SECTION. 

The  rocks  that  crop  out  in  Sunsbury  Township  resemble  those  of 
Malaga  Township  in  that  thej  contain  only  one  coal  bed  of  any 
value — the  Washington.  The  strata  exposed  have  a  thickness  of 
nearly  500  feet,  and  the  horizons  of  several  coals  below  the  Washinp^- 
ton  are  included,  but  no  coal  of  workable  thickness  is  known.  The 
township  is  underlain,  however,  by  the  Pittsburgh  coal  bed,  which  is 
several  hundred  feet  below  the  surface  throughout  the  township. 
The  stratigraphic  sequence  of  the  outcropping  strata  is  iUustrated 
by  the  following  generalized  section : 

Oeneraliud  tection  in  descending  order,  o/$tnUa  outcropping  in  Sun^mry  Totcnship. 

Washington  fonnation:  Foet. 

Clay,  flhale,  and  aandy  beds  to  hilltops 200db 

Coal,  bony  or  black  shale,  seen  in  northeastern  part  of 

township 2 

Shale,  red  clay,  and  sandstone,  variable 100-120 

Limestone,  present  only  in  northeaat  quarter  of  township . .  3 

Shale  or  shaly  sandstone,  locally  limestone  near  base 40 

Coal,  Washington 1-3 

Shale,  sandy 20-30 

Sandstone,  exceedingly  prominent  along  Piney  Fork  and 

branches;  less  massive  to  the  west;  correlated  with 

Mannington  sandstone  of  West  Virginia  reports 85-50 

Coal  or  carbonaceous  shale  position  of  Waynesburg  ''A" 

ooal;  locally  1  foot  thick. 
Shale,  sandy,  with  thin-bedded  sandstone  and  layer  of 

dark  limestone  near  base 60 

Shale,  carbonaceous,    underlain  by  reddish-brown  clay 

shale. 
Monongahela  formation: 

Waynesburg  coal 3 

Shale,  sandy,  and  sandstone 55 

Ooal,  thin,  Uniontown. 

Clay  shale  grading  down  into  shaly  sandstone 18 

Limestone,  Benwood  member,  in  many  layers  intercalated 

with  calcareous  shale;  upper  portion  exposed  in  valley 

of  Piney  Fork 60± 

Covered  to  Pittsburgh  coal 132 

The  strata  overlying  the  Washington  coal  comprise  a  monotonous 
succession  of  sandstone,  shale,  and  clay,  commonly  of  red  color  and 
with  little  or  no  limestone  except  in  the  basal  portion.    To  the  north, 
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in  Belmont  County,  there  are  a  number  of  limestone  beds  in  this  part 
of  the  geologic  colunm.  The  Washington  coal  is  exposed  at  many 
places  on  the  roads  and  has  been  stripped  in  the  ravines.  Being 
Almost  the  only  coal  bed  in  the  township  it  serves  as  an  excellent 
key  for  determining  geologic  structure. 

Few  valle3rs  in  eastern  Ohio  are  more  picturesque  and  precipitous 
than  that  of  Finey  Fork,  with  its  sandstone  clifiFs  and  wooded  slopes. 
The  rugged  topography  is  largely  caused  by  the  sandstone  lying  below 
the  Washington  coal.  In  places  this  sandstone  is  at  least  50  feet 
thicky  but  toward  the  west  it  thins  and  grades  into  shaly  sandstone  and 
shale.  Oil  drillers  call  this  sandstone  the  ^'Moimtain  sand/'  and  in 
many  well  logs  it  is  reported  to  be  60  feet  thick.  At  its  base  is  a  coal 
bed  which  is  locally  1  foot  thick.  The  limestone  beds  of  the  Ben- 
wood  member  are  prominently  exposed  near  the  mouth  of  Piney 
Fork,  in  Adams  Township,  where  they  form  a  cliflf  along  the  valley. 

STRUCTURE. 

In  mapping  the  geologic  structure  the  elevation  of  the  Washington 
coal  was  obtained  at  many  points.  The  interval  between  this  bed 
and  the  Pittsburgh  coal  in  different  parts  of  the  township  is  known 
through  core-drill  and  oil-well  records,  and  it  was  only  necessary  to 
subtract  that  amount  from  the  elevation  of  the  Washington  coal  in 
order  to  determine  the  position  of  the  Pittsbiurgh  at  each  point. 
Contour  lines  were  then  drawn  connecting  points  of  equal  elevation, 
and  the  result  is  a  contour  map  of  the  Pittsburgh  coal  (PI.  XII,  in 
pocket)  which  shows  the  attitude  or  lay  of  that  bed.  The  direction 
of  dip  varies  from  east  to  south  and  locally  southwest.  The  dip 
varies  from  almost  nothing  near  Jerusalem,  where  there  is  a  structural 
terrace,  to  more  than  60  feet  to  the  mile  in  the  vicinity  of  Beallsville. 

MINSRAL  RBSOURCSS. 

Simsbury  Township  has  produced  considerable  oil  and  gas  but  far 
less  than  Malaga  Township.  The  most  valuable  pools  lie  in  the 
western  and  northern  parts  of  the  township.  The  principal  produc- 
tive sands  are  the  Big  Lime  and  Keener.  In  the  vicinity  of  Beallsville 
oil  is  also  produced  from  a  shallow  sand,  probably  the  Buell  Run, 
although  called  the  Cow  Run  by  drillers.  The  most  recently  dis- 
covered pool,  known  as  the  Schriver,  is  3  miles  southeast  of  BeaUs- 
ville.    The  product  here  is  largely  gas  derived  from  the  Berea  sand. 

The  township  is  poorly  supplied  with  easily  accessible  coal  beds 
and  has  only  a  small  amount  of  limestone  for  road  metal.  Sand- 
stone is  present  in  inexhaustible  quantity,  but  there  is  little  demand 
for  it  except  for  foundations. 
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OOAL. 
FITTSBXJBOR  COAX. 


All  of  Sunsbiuy  Township  is  probably  underlain  by  the  Pittsburgh 
coal  bed  in  a  thickness  of  about  5  feet.  Its  presence  has  been  proved 
bj  several  core-drill  tests  near  Beallsyille  and  one  at  the  mouth  of 
Piney  Fork.  It  is  also  recorded  in  the  logs  of  dozens  of  wells  drilled 
for  oil  in  various  parts  of  the  township.  It  is  reported  that  in 
drilling  one  well  near  the  county  line  northeast  of  Beallsvilld  no 
Pittsburgh  coal  was  found,  but  this  report  is  not  significant  in  yiew 
of  fhe  unreliability  of  the  chum  drill  for  testing  coal. 

The  following  record  of  a  core-drill  hole  on  the  William  Tracy 
fanU;  in  sec.  12,  was  furnished  by  Mr.  Joe  I.  Johnson,  of  Johnstown, 
Pa.  It  is  of  interest  because  both  the  Meigs  Creek  and  Lower  Meigs 
Creek  coals  are  present. 

Partial  $ection  ofoore-drUl  hole  on  Tracy  farm  (No,  28),  nee.  12,  Sunshury  Township. 


Thick- 


A 


Depth. 


Surftwo 

Sandstone. 
Slate. 


Coal,  probaMy  WaynoBbarf . . . 
Interval,  mostly  date  and  ume. 


Ft.    in. 

6 

60 

2 

2 


Ft.     in. 

'  66 
M 
70 


2K  378 


Coal,  Meigs  Creek 2  6i     280 

Interval,  sand,  nndy  sh^  and  slate I  IS  6       289 

Coal,  Lower  Meigs  Creek I  3  302 

Interval t  68  I     371 

(Coal 10  , 

PittohiurghooalfDraw  slate |  1  |(    378     3 

[Coal I  5 


-} 


The  Pittsburgh  coal  has  a  similar  thickness  in  the  test  hole  on  the 
Daniel  Eampton  farm,  in  sec.  35,  where  the  ''roof"  coal  is  1  foot 
3  inches  and  the  lower  bench  5  feet  thick.  The  clay  between  is 
unusually  thick,  measuring  4  feet.  A  thickness  of  5  feet  of  coal  is 
reported  in  coal-test  hole  No.  30,  drilled  in  sec.  36,  about  2  miles 
east  of  Beallsville. 


OTHER  COAL  BEDS. 


The '  Lower  Meigs  Creek  and  Meigs  Creek  coal  beds  lie  70  and  95 
feet,  respectively,  above  the  Pittsburgh  coal.  Both  are  recorded  in 
the  logs  of  wells  drilled  at  several  places  in  the  township  but  are 
of  only  remote  prospective  value  owing  to  their  lack  of  persistence, 
thinness,  and  inferior  quality.  The  two  coals  are  recorded  in  the 
log  of  a  diamond-drill  test  hole  on  the  Tracy  farm  given  above.  In 
coal  test  No.  32,  on  the  Fleaman  farm,  at  the  mouth  of  Piney  Fork, 
in  Adams  Township,  the  Meigs  Creek  coal  is  in  two  benches,  the 
upper  1  foot  and  the  lower  2  feet  6  inches  thick,  with  1  foot  6  inches 
of  clay  between.    Both  the  Meigs  Creek  and  Lower  Meigs  Creek 
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coals  are  recorded  in  the  log  of  coal  test  No.  31,  on  the  Daniel  Eimpton 
farm,  in  sec.  35,  which  is  given  below. 

The  Uniontown  coal  is  probably  missing  or  too  thin  to  be  of  value 
throughout  the  township.  It  is  mined  to  the  south  along  Sunfish 
Creek  in  Adams  Township,  but  to  the  north,  up  Piney  Fork,  it 
changes  to  a  thin  layer  of  carbonaceous  shale.  The  Wa3mesburg 
coal  is  likewise  thin  on  its  outcrop  in  the  southern  part  of  ti^ie  town- 
ship. From  information  obtained  in  well  records  it  is  also  seen  to 
be  of  no  importance  in  the  northern  part.  Another  coal  1  to  3  feet 
thick  found  about  200  feet  above  the  Meigs  Creek  coal  in  the  test 
holes  on  the  Kimpton  and  Tracy  farms  is  believed  to  be  the  Waynes- 
burg  ''A"  coal. 

The  Washington  coal  appears  in  outcrop  in  various  parts  of  the 
township  and  has  been  stripped  by  the  farmers  at  many  places.  Its 
thickness  and  position  with  reference  to  lower  coal  beds  are  illus- 
trated by  the  following  core-drill  record : 

Partial  record  of  core-drill  hole  No,  31  f  on  Daniel  Kimpton  farm,  9ec.  S5,  Sunsbury 

Township. 


Thidc- 
ness. 


)» 


Ft.    in. 
1     6 

1 


Coal,  Washington 

Interval,  mo^hr  sandstone. 

Coal,  possibly  Warneiburg"  A  

Interral, mostly aoaleandilme i  313 

Coal,  Meigs  Creek 3     3 

Interval,  nuMtly  sandstone 37 

Coal,  Loiter  Mdgs  Creek I  2 

Interval,  Itme  and  slate i  57     9 

(Coal i  1     3 

Pittsbargli  coaMClav I  4 


U 


Depth. 


Ft.    in. 

14 

«7 

W 
311 

313  3 
350  3 
352  3 
410 

420     8 


I 


The  Washington  coal  is  probably  thickest  in  the  eastern  part  of 
the  township,  as  indicated  by  roadside  exposures.  At  the  east  side 
of  sec.  16  (locality  93)  it  is  1  foot  thick,  in  the  NW.  i  sec.  3  (locality 
95)  1  foot,  and  in  the  SE.  \  sec.  4  (locality  94)  1  foot  6  inches.  In 
some  places  farther  east  the  bed  consists  of  two  benches  each  1  to  2 
feet  thick,  with  a  bed  of  clay  between. 

BAVDSTOKS  AHD  LIKS8T0HB. 

Sandstone  is  present  in  great  quantity  in  Sunsbury  Township. 
There  are  varieties  suited  to  foundations,  building,  the  manufacture 
of  grindstones,  curbstones,  and  paving.  The  principal  sandstone  bed 
below  the  Washington  coal  varies  greatly  in  texture  and  structure 
and  is  believed  to  be  fitted  for  all  the  above-named  uses  at  one  place 
or  another  in  the  township.  Some  of  the  rock  is  sufficiently  durable 
to  be  suitable  for  road  metal  and  could  be  used  in  areas  far  from 
convenient  sources  of  limestone. 
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limestone  in  quantity  sufficient  to  be  an  important  source  of  road 
metal  is  not  plentiful.  The  principal  source  is  the  Benwood  member, 
exposed  only  in  the  valley  of  Piney  Fork  near  the  south  edge  of  the 
township.  Only  a  few  of  the  uppermost  beds  are  at  the  surface. 
Farther  downstream,  near  the  mouth  of  Piney  Fork,  the  bed  is  40 
feet  thick.  The  limestone  is  in  many  layers  1  to  2  fe«t  thick  inter- 
bedded  with  calcareous  clay  and  shale. 

The  strata  lying  above  the  Benwood  limestone  are  almost  devoid  of 
limestone.  The  one  noteworthy  layer,  about  300  feet  higher,  Ues  a 
few  feet  above  the  Washington  coal.  This  limestone  is  seen  in 
ravines  on  the  county  line  near  Jerusalem  and  Beallsville  and  is 
present  east  and  southeast  of  Beallsville  on  Ackerson  Run,  but  dis- 
appears farther  south.  In  its  most  prominent  exposures  the  rock  i& 
in  one  or  two  layers  having  a  combined  thickness  of  about  3  feet. 

CENTER  TOWNSHIP. 
GENERAL   FEATUBES. 

Center  Townsliip,  like  other  political  divisions  of  Monroe  County^ 
has  an  irregular  boundary  and  includes  parts  of  several  of  the  square 
townships  of  the  early  land  survey.  For  this  reason  the  east  column 
of  sections  bear  numbers  that  are  duplicated  on  the  west  side  of  the 
township.  In  like  manner  there  is  a  duplication  of  section  numbers, 
at  the  north  and  south  sides.  Woodsfield,  a  town  of  2,394  inhabitants, 
and  the  seat  of  Monroe  Coimty,  lies  near  the  center  of  the  township 
on  the  Ohio  River  &  Western  Railroad.  In  1920  the  population  of 
the  townsliip  outside  of  Woodsfield  was  1,451.  The  southern  third 
of  Center  Township  lies  within  the  New  Matamoras  quadrangle,  and 
the  following  geologic  description  does  not  apply  to  that  part. 

The  divide  between  the  waters  of  the  eastward-flowing  Sunfish 
Creek  and  southward-flowing  tributaries  of  Little  Muskingum  River 
extends  eastward  through  the  south-central  part  of  the  township.^ 
It  is  followed  by  the  railroad  westward  from  Woodsfield.  The  gen- 
eral elevation  of  this  divide  is  1 ,200  feet,  but  a  few  hills  rise  as  much 
as  1,300  feet  above  sea  level.  The  valleys  are  cut  to  depths  ranging 
from  250  to  400  feet  below  the  upland,  and  most  of  them  are  bounded 
by  steep  wooded  slopes.  Sunfish  Creek  follows  an  extremely  crooked 
course  over  a  narrow  valley  floor.  At  the  sweeping  bends  there  are 
indications  of  rock  teiTaces  at  various  elevations,  which  suggest  that 
the  valley  has  at  one  time  been  less  crooked  than  the  modem 
intrenched  gorge. 

GEOLOGIC   SECTION. 

The  stratigraphic  succession  of  strata  exposed  is  represented  in 
part  by  the  following  section,  which  was  measured  on  the  Bamesville 
road  at  the  north  edge  of  Woodsfield. 
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GeaU>gic  iecHorij  in  dneendmg  order,  on  Bamesville  ro^td  front  Woodsfield. 

Washington  formation:  Feet. 

Clay,  reddish  brown 4 

Shale,  3rellowi8h  brown,  sandy  in  lower  jwrtion 15 

Sandstone,  shaly 9 

Shale  and  red  clay 9 

Poorly  exposed  interval 17 

Clay,  yellowish  and  red 8 

Shale,  sandy,  grading  downward  into  sandstone 21 

Carbonaceous  shale,  thin. 

Clay 4 

Sandy  shale 5 

Clay 4 

Coal,  Washington IJ 

Clay 3 

Shale 6 

Clay  shale 5 

Shale 8 

Clay ,  red 8 

Shale,  aigillaceous,  sandy,  irregularly  bedded 32 

Sandstone,  coarse,  with  micaceous  laminae.  This  sandstone, 
which  is  correlated  with  the  Mannington  sandstone  of  the 
West  Vii^nia  reports,  thickens  to  more  than  40  feet  east  of 
Woodsfield  and  forms  the  prominent  cliffs  along  Sunfish 

Creek 7 

Shale,  dark 5 

Coal,  thin,  Wayneeburg  "A.' ' 

Shale,  dark  gray 12 

Carbonaceous  shale,  thin. 

Clay,  reddish  brown,  ferruginous 8 

Shale,  chocolate-brown 5 

Limestone,  dark  gray J 

Shale,  sandy 9 

Sandstone 13 

Shale,  sandy,  bluish  and  brownish 8 

Monongahela  formation: 

Carbonaceous  shale,  thin;  position  of  Waynesburg  coal. 

Shale,  dark 7 

Clay,  greenish,  with  nodular  iron  carbonate  concretions 4 

Shale,  sandy,  grading  down  into  shaly  sandstone 15 

Sandstone 17 

Shale,  sandy 5 

Coal,  impure,  shaly,  Uniontown 1 

Shale 2 

Sandstone 5 

Shale,  reddish  brown 3 

Limestone,  bluish,  laminated,  exposed  in  creek  bed  at  site 
of  old  mill;  uppermost  beds  of  Benwood  limestone  member. 
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In  the  deep  valley  of  Sunfish  Creek  northeast  of  Woodsfield  lime- 
stone beds  below  those  recorded  at  the  base  of  the  above  section  are 
at  the  surface,  and  their  combined  thickness  at  the  east  edge  of  the 
township  is  more  than  40  feet.  Beneath  the  limestone  on  the  banks 
of  the  creek  in  that  locality  and  eastward  for  a  number  of  miles  in 
Adams  Township  is  cros84)edded  sandstone  which  overlies  the  Meigs 
Creek  coal. 

The  sandstone  above  the  Waynesburg  "  A' '  coal  in  massive  form 
is  seen  at  the  quarry  on  Standingstone  Creek  east  of  Woodsfield  and 
thence  eastward  along  Sunfish  Creek  for  miles.  It  is  not  so  con- 
spicuous west  of  Woodsfield,  where  it  consists  of  a  single  layer  only 
7  feet  thick  with  shale  above  and  below,  as  shown  in  the  section  at 
the  north  side  of  the  town.  This  is  only  1^  miles  northwest  of  the 
quarry,  where  the  principal  bed  is  28  feet  thick  and  is  overlain  by 
20  feet  of  thin-bedded  sandstone.  Farther  west  and  northwest 
there  is  shale  or  shaly  sandstone  or  locally  red  clay  at  this  horizon. 
Beds  of  red  clay  with  nodules  of  hematite  iron  ore  are  not  uncom- 
mon above  the  Washington  coal. 

STRUCTURE. 

The  strata  throughout  most  of  Center  Township  do  not  lie  fiat 
but  dip  at  the  rate  of  as  much  as  40  feet  to  the  mile  in  a  southeasterly 
direction,  with  local  variations.  At  the  east  edge  of  Woodsfield 
there  is  a  shallow  synclinal  depression  bordered  on  the  southeast 
by  a  low  arch,  east  of  which  the  normal  southeasterly  dip  is  resumed. 
Northeast  of  Woodsfield  there  is  an  area  of  more  than  1  square  mile 
where  the  rocks  lie  nearly  flat.  The  geologic  structure  is  repre- 
sented on  the  map  (PL  XII,  in  pocket)  by  contours  drawn  on  the 
base  of  the  Pittsburgh  coal.  The  position  of  this  bed  with  reference 
to  the  Washington  coal  and  other  outcroping  strata  is  known  through 
well  records  and  direct  measurements  made  elsewhere. 

Although  the  strata  at  and  near  the  surface  lie  almost  parallel 
to  one  another,  there  is  a  varying  interval  between  any  one  of  these 
and  the  several  deep  sandstones  that  yield  oil  and  gas.  For  this 
reason  a  special  structural  map  has  been  prepared  for  the  Berea  oil 
sand.^^ 

MINERAL  RESOURCES. 

Oil  and  gas,  coal,  sandstone,  and  limestone  are  the  principal 
mineral  resources  of  Center  Township.  The  oil  and  gas  pools,  which 
rank  among  the  most  important  in  Monroe  Coimty,  derive  their 
products  chiefly  from  the  Berea,  Keener,  and  Big  lime  sands. 

14 U.  S.  aeol.  SarTey  BuU.  621,  PI.  25, 1916. 
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OOAL. 
PmSBtTBOH  OOAL. 

Information  concerning  the.  thickness  and  extent  of  the  Pittsburgh 
coal  in  Cent^  Township  is  derived  entirely  from  records  of  wells  drilled 
for  oil  and  gas.  Two  core-drill  test  holes  (Nos.  27  and  34)  have  been 
drilled  in  the  eastern  part  of  the  township,  but  the  records  were  not 
obtained.  The  coal  is  recorded  in  the  logs  of  nearly  all  the  hundreds 
of  wells  drilled  in  the  northern  half  of  the  township,  but  there  are  no 
reliable  data  as  to  its  thickness.  The  bed  is  an  excellent  key  stratum 
and  for  this  reason  is  recorded  in  drilling.  The  coal  at  its  best,  as 
shown  by  a  number  of  core-drill  tests,  averages  4J  to  5J  feet  in 
thickness  north  and  east  of  Center  Township,  and  it  is  not  improbably 
of  the  same  thickness  in  the  northeast  half  of  Center  Township. 
The  bed  is  of  value  in  the  vicinity  of  Miltonsburg  and  Malaga  but 
it  thins  abruptly  a  short  distance  to  the  west.  Farther  south,  in 
Center  and  Summit  townships,  the  extent  of  the  valuable  coal  is 
not  so  conclusively  determined.  There  is  difficulty  in  obtaining 
reliable  information,  especially  from  oil  men,  owing  to  a  suspicion 
that  such  information  is  to  be  used  in  the  enforcement  of  troublesome 
legislation  concerning  the  method  of  casing  and  the  plugging  of  oil 
wells.  Possibly  certain  other  persons  wish  to  promote  the  sale  of 
coal  lands,  even  thot^h  of  doubtful  value,  and  therefore  willfully 
misrepresent  facts.  The  value  of  the  Pittsburgh  coal  in  much  of 
Center  Township  is  undetermined,  and  the  operator  is  advised  to 
carry  on  careful  exploration  with  the  diamond  drill  before  pur- 
chasing land. 

XEIOS  CREEK  AN9  LOWBB  MEIOS  CREEK  COALS. 

Two  coal  beds  lying  75  and  95  feet,  respectively,  above  the  Pitts- 
burgh coal  are  recorded  in  oil-well  drilling  at  various  places.  The 
name  Mapletown  is  commonly  applied  by  the  drillers  to  one  or  the 
other  of  these  coals.  The  one  most  commonly  noted  is  probably  the 
Lower  Meigs  Creek  bed,  which  appears  in  outcrop  to  the  northwest, 
in  valleys  near  Monroefield.  Neither  of  these  coals  is  of  much  pro- 
spective value  in  Center  Township. 

UNIONTOWN  COAL. 

The  Uniontown  coal,  lying  170  to  180  feet  above  the  Pittsburgh, 
is  of  slight  value  as  a  source  of  fuel  in  Center  Township.  It  crops  out 
about  120  feet  above  the  valley  floor  of  SunlSsh  Creek  at  the  east  edge 
of  the  township  but  descends  westward  to  a  point  1^  miles  northwest 
of  Woodsfield,  where  it  lies  in  the  bed  of  the  creek.  To  the  north, 
up  Baker  Fork,  the  outcrop  extends  into  Malaga  Township. 

d7812— 23 ^10 
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The  coal  at  best  is  characterized  by  the  presence  of  several  shale 
layers  which  interfere  with  its  easy  mining,  and  furthermore  the  bed 
is  subject  to  considerable  change  in  thiclmess  from  place  to  place. 
It  is  too  thin  to  be  of  value  on  Standingstone  Run  and  probably  on 
the  railroad  north  of  Coats  station.  The  bed  is  locally  split  into 
two  parts  north  of  Woodsfield,  the  lower,  a  shaly  coal  2  to  3  feet 
thick,  being  separated  from  the  upper,  less  valuable  bed  by  10  feet  or 
more  of  sandstone  containing  irregular  veinlets  of  coal. 

The  thickness  and  character  of  the  Uniontown  coal  in  different 
localities  is  illustrated  by  the  following  measurements.  The  locality 
numbers  are  represented  on  the  maps  (Pis.  VII  and  XH). 


^  Umontown  tool  in  CenUr 


Shale. 


Goal.. 
8bsle. 
OoaL. 


ilto.  2 


Shale.  Ft.  in. 

Coal 7 

Shale,  Mndy,  with  carfocmaoeouB 
layen IjO 

Goal,  impure  ahaly  with  iron 
concietioiifl 1       2 

Along  BakOT  Folk,  la  D.  T.  Clark  proopoct. 

Shale.  Ft.  In. 

Coal 4 

Shale \ 

Coal,  with  shaly  bands ....  1 
Clay    with    several    coal 

streaks 1       8i 


Inches. 
8 
3 
6 

iia>. 

Ft.  in. 
8 


Shale  and  fimestone. 

Coal,  bony. 

Shale 

Sandstone. 


north  towaaMp  Um  OocaBtir  111). 


Coal 

Clay 

Coal 

Shale. 

Thickness  of  coal  bed 5 


Ft.  In. 

5 
10 

H 


WASHINGTON  COAL. 


The  Washington  coal,  170  to  180  feet  above  the  Uniontown,  is  the 
only  other  outcropping  coal  that  has  any  value  in  Center  Township. 
Its  thickness  is  rarely  more  than  2  feet,  but  the  bed  is  persistent  in 
large  areas  with  a  thickness  of  about  1^  feet.  At  the  railroad  crossing 
a  quarter  of  a  mile  east  of  Woodsfield  (locality  97,  PI.  IX,  p.  34)  the 
bed  is  1  foot  5  inches  thick,  with  clay  above  and  bdow.  The  thickness 
at  the  northeast  corner  of  sec.  17  Gocality  98),  2^  miles  east  of  Woods- 
field,  is  1  foot  2  inches.  The  coal  is  probably  thickest  west  of  Woods- 
field  and  in  former  years  has  been  extensively  stripped  and  also 
taken  from  undergroimd  by  drift-mining.  A  thinner  coiJ  is  commonly 
found  15  to  25  feet  highOT. 
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SAVOBTOHX. 

Saodstone  has  probably  been  quarried  more  extensively  in  Center 
Township  t^an  in  any  other  part  of  Monroe  County.  The  principal 
quarry,  on  the  raihx)ad  1  mile  east  of  Woodsfield,  was  operated  for 
many  years  but  is  now  abandoned.  (See  PL  XI,  B.)  The  quarry  face 
shows  a  thickness  of  28  feet  of  massive  moderately  coarse  textured 
rock,  with  no  regular  horizontal  partings.  There  are  many  irregular 
lines  of  weakness  along  which  the  rock  breaks  readily.  These  are 
produced  by  flaky  plates  of  dark  mica  which  on  weathering  change 
the  light  bluish-gray  color  of  the  rock  to  a  rusty  gray-brown.  These 
micaceous  bandings  do  not  favor  the  quarrying  of  rectangular 
blocks.  Above  the  quarry  is  10  to  20  feet  of  thin-bedded  sandstone 
Ibat  has  been  stripped  as  the  work  of  quarrying  progressed.  The 
rock  is  poorly  suited  for  use  in  building,  being  insufficiently  cemented 
to  withstand  weathering.  This  friable  character  is  manifested  by  a 
peculiar  pitted  surface  on  the  weathered  rock.  The  rock  is  apparently 
best  suited  for  use  as  railroad  ballast,  rough  rubble,  and  foundations. 
There  is  an  unlimited  quantity  along  the  valley  slopes  of  Sunfish 
Creek  and  its  tributaries  east  of  Woodsfield.  The  rock  loses  its 
massive  character  west  of  Woodsfield. 


Center  Township  is  poorly  supplied  with  limestone,  and  the  only 
beds  worthy  of  consideration  as  a  source  of  material  for  road  metal 
He  below  the  Uniontown  coal  along  Sunfish  Creek,  in  the  eastern  half 
of  the  township.  The  uppermost  layers  form  pavements  in  the 
creek  bed  on  the  Bamesville  road  1^  miles  north  of  Woodsfield. 
Eastward  downstream  lower  and  lower  layers  rise  above  the  bottom 
of  the  valley.  The  combined  thickness  of  these  and  the  interbedded 
shale  and  clay  is  about  30  feet.  Some  of  the  layers  are  argillaceous 
and  not  sufficiently  durable  for  use  as  road  metal,  but  the  quantity  of 
good  material  available  is  considerable. 

ADAMS  TOWNSHIP. 
LOCATION  AND   SURFACE   FEATUBES. 

Less  than  half  of  Adams  Township  lies  within  the  Woodsfield 
quadrangle,  the  remainder  being  in  the  New  Matamoras,  New  Martins- 
ville, and  Clarington  quadrangles,  which  adjoin  the  Woodsfield 
quadrangle  on  the  south,  southeast,  and  east  respectively.  The 
township  is  made  up  of  parts  of  four  square  townships  of  the  original 
land  survey.  The  population  for  1920,  as  given  by  the  Census  Bureau, 
was  683.  The  only  village  within  the  area  is  Cameron,  at  the  east 
edge,  in  the  valley  of  Sunfish  Creek.    There  is  no  railroad  within  the 
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township  but  sooner  or  later  a  line  will  reach  this  area  for  the  exploit- 
ation of  the  Pittsburgh  coal.  Presumablj  the  route  followed  wiU  be 
the  valley  of  Sunfish  Creek.  The  Ohio  Biver  &  Western  Railroad 
is  a  short  distance  west  of  the  township,  but  with  its  present  route  can 
never  be  of  importance  as  a  carrier  of  coal  because  of  the  many  steep 
grades. 

The  surface  of  Adams  Township  is  chaxmeled  into  rugged  relief  by 
Sunfish  Creek  and  its  tributarieSi  which  flow  in  valleys  bordered  by 
precipitous  rocky  slopes  400  feet  high.  The  valley  floor  is  about  700 
feet  above  sea  level  at  the  east  edge  of  the  township  and  about  800 
feet  at  the  west  edge.  A  few  hills  are  more  than  1,300  feet  in  eleva- 
tion»  but  in  general  the  ridges  range  from  1,200  to  1,250  feet.  The 
gradient  of  Sunfish  Creek,  like  that  of  most  tributaries  of  the  Ohio  in 
this  region,  is  considerable,  and  in  much  of  its  course  the  stream  flows 
on  bedrock.  The  steep  slopes  are  laigely  caused  by  a  prominent 
bed  of  sandstone. 

OXOLOGIO  SBCnON. 

The  strata  that  crop  out  in  the  portion  of  Adams  Township  within 
the  Woodsfield  quadrangle  range  from  about  the  horizon  of  the  Meigs 
Creek  coal  upward  to  beds  about  100  feet  above  the  Washington  coal. 
The  Pittsburgh  coal  is  100  feet  or  more  below  the  surface  in  the 
valley  of  Sunfish  Creek.  Its  position  at  the  mouth  of  Piney  Creek, 
togetiier  with  that  of  other  strata  penetrated  in  a  core-driU  hole,  is 
shown  by  the  following  record  furnished  by  Mr.  D.  A.  Elvin. 

Record  of  core-drill  hole  No,  32 j  on  John  W,  Fledhman  farm^  Btc.  SI,  Adami  Township. 


Surfaee.... 

Shale 

Sandstone. 


Shale 

Coal,  Meigs  Creek: 
Coal 


Shale,  gray. 
Coal 


Fireclay 

Limestone... 
Sandstone.... 
Shale,  sandy. 
Shale 


Limestone 

Shale 

Sandstone , 

Shale,  neen , 

Shale,  dark , 

Shale,  red 

Shale,  green , 

Limestone 

Shale,  limy 

Sandstone 

Slate 

Coal,  Pittsbiirgfa. 
Fireclay 
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10 

3 
16 
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1 
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1 
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1 
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132      7 
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137  5 
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The  elevation  of  the  Pittsburgh  coal  in  this  hole  is  638  feet  above 
sea  level.  The  elevation  of  the  Washington  coal,  as  calculated  from 
determinations  at  outcrops  on  three  sides,  is  1,070  feet,  giving  432 
feet  as  the  interval  between  the  Pittsburgh  and  Washington  coals, 
which  is  about  80  feet  greater  than  that  at  the  Belmont  County  line 
5  miles  farther  north. 

The  general  character  of  the  strata  that  crop  out  in  Adams  Town- 
ship is  illustrated  by  the  following  section,  compiled  from  measure- 
ments made  at  several  places  in  the  township.  The  lowest  beds 
are  the  same  as  those  at  the  top  of  core-drill  hole  No.  32,  given 
above. 

Generalized  $setion,  in  deecending  order,  o/etrtUa  outcropping  in  Adarm  Tovmehip. 

Washington  formation: 

Sanditone,  ahale,  and  red  clay,  with  one  or  more  layers  off    Fast. 

nodular  hematite 200 

Shale,  and  shaly  sandstone,  with  beds  of  clay ] 

Coal  thin.                                                                                     |  26 

Clay,  brittle,  greenish  gray,  grading  down  into  shale j 

Coal,  Washington 1-2 

Clay  and  shale 15 

Sandstone;  forms  prominent  clifFs  along  Sunfish  Valley;  cor- 
related with  Mannington  sandstone  of  West  Viiginia  reports.  58 
Coal,  Waynesbuig  "A,"  thin. 

Shale,  sandy,  with  sandstone  layers 23 

Limestone,  dark  gray § 

Shale,  sandy 29 

Monongahela  formation: 

Shale,  black;  position  of  Waynesburg  coal } 

Shale,  sandy,  grading  down  into  sandstone 52 

Coal,  Uniontown,  mined  on  Simfish  Creek 2-3 

Shale,  grading  down  into  sandstone 35 

Limestone,  Benwood  member,  in  many  layers  interbedded 

vriih  calcareous  clay  and  shale 60 

Shale  and  sandstone,  exposed  low  in  valley  of  Sunfii^  Creek.  25 

STRUCTURE. 

The  dip  in  the  weetem  half  of  Adams  Township  is  in  general  east 
to  southeast  at  a  rate  ranging  from  15  to  40  feet  to  the  mile.  On  the 
whole  the  eastward  dip  of  the  strata  is  similar  to  the  grade  of  Sunfish 
Creek,  and  the  same  strata  are  exposed  in  the  valley  across  the 
township.  The  method  of  preparation  of  the  structural  map  (PI.  XII , 
in  pocket)  is  described  on  page  23. 

3CENERAL  RESOURCES. 

The  principal  mineral  resource  of  Adams  Township  is  coal,  there 
being  two  vduable  beds — the  Pittsburgh,  which  lies  100  feet  or  more 
below  the  surface  and  is  of  great  value,  and  the  Uniontown,  which 
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CTops  out  along  the  valleyB,  thus,  affording  a  convenient  source  of 
fuel  for  the  farmers.  Oil  and  gas  have  not  been  disoovered  in  large 
quantities,  but  the  township  has  not  yet  been  thoroughly  tested. 
A  few  wells  derive  gas  from  the  Berea  sand  in  the  Schriver  pool  in 
the  northern  part,  and  small  quantities  of  oil  have  been  found  in 
the  Keener  sand  in  sec.  5. 

OOAX.. 

PtTTSBUROH  GOAL. 

It  is  probable  that  all  of  Adams  Township  is  imderlain  by  the 
Pittsburgh  coal  bed  in  minable  thickness.  As  foimd  in  several  core- 
drill  records  its  thickness  ranges  from  4  to  5  feet,  and  the  bed  is 
recorded  in  the  drilling  of  oil  wells.  In  the  test  hole  on  the  John  W. 
Fleahman  farm  (No.  32),  at  the  mouth  of  Piney  Fork,  in  sec.  31,  the 
coal  is  4  feet  4  inches  thick.  The  complete  record  is  given  on  page  148 . 
A  coal  test  hole  was  drilled  in  the  SW.  \  sec.  36,  but  no  record  ^was 
obtained. 

MXIGS  CREEK  COAL. 

Little  is  known  concerning  the  Meigs  Creek  coal  aside  from  informa- 
tion furnished  in  the  record  of  core-drill  hole  No.  32,  at  the  mouth 
of  Piney  Fork  (see  p.  148),  in  which  the  coal  bed  has  the  following 
parts,  from  top  to  bottom:  Coal,  1  foot;  shale,  1  foot  6  inches;  coal, 
2  feet  6  inches.  The  bed  is  recorded  in  the  logs  of  a  few  oil  wells, 
but  its  thickness  is  not  evident. 

UNIONTOWN   COAL. 

The  Uniontown  coal  bed  has  been  opened  at  a  number  of  places  on 
Sunfish  Creek.  It  is  as  a  rule  divided  into  several  parts  by  layers  of 
shale  and  is  high  in  ash,  as  shown  by  the  analysis  of  a  sample  taken  in 
the  Charles  Mobley  mine  (locality  113,  PL  VII),  in  sec.  31  (analysis 
20259,  p.  40).  The  measurement  made  in  the  Mobley  mine  is  given 
on  page  47. 

Sections  of  Uniontown  coal  in  Adams  Tovmship, 


Roadside  espoMire  In  Me.  •  (locality  IIB). 

Ft.    in. 

Coal 8 

Shale 3 

Coal 6 


1      5 
Proopoct  on  WnUs  fkrm.  aee.  SO  (locmlitjr  114). 

Shale.  Ft.  in. 

Coal— 2 

Coal,  bony 5 

Shale.  — T 


PfMpnct  on  FMeo  Unm,  sec  10  Oocnlltr  US). 

Shale.  Ft.     in. 

Coal 1    lOi 

Coal/hony 6 

Clay  shale 7 

Coal 10 

Shale. 

Thickness  of  bed 3      9^ 
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In  addition  to  being  divided  into  a  number  *of  layers  by  shale 
bands,  the  Uniontown  coal  varies  considerably  in  thickness  and  is 
probably  reduced  to  a  thin  carbonaceous  layer  in  places — ^for  example, 
up  Piney  Fork  beyond  the  forks  in  sec.  2. 

WASmNOTON  COAL. 

The  Washington  coal  lies  about  185  feet  above  the  Uniontown  coal 
bed.  About  halfway  between  the  two  is  the  position  of  the  Waynes- 
burg  coal,  but  there  is  no  coal  at  that  horizon  throughout  the  portion 
of  Adams  Township  within  the  Woodsfield  quadrangle.  The  Wash- 
ington coal  ranges  from  about  10  inches  to  2  feet  in  thickness,  and  its 
"blossom''  is  seen  at  many  places  in  the  township.  Here  and  there 
the  coal  has  been  stripped  by  the  farmers,  but  so  far  as  known  it  has 
not  been  mined  from  underground  workings.  The  greatest  thickness 
observed  is  in  the  northern  part  of  the  township,  in  sees.  26  and  32, 
where  the  bed  is  about  2  feet  thick.  Another  coal  bed,  16  to  24  feet 
higher,  is  locally  several  inches  thick  and  may  be  mistaken  for  the 
Washington. 

SAHDSTOHZ  AVD  LZMESTOinS. 

Sandstone  suitable  for  a  variety  of  uses  is  abundant  in  Adams 
Township.  The  principal  bed  is  that  above  the  Waynesburg  ''A,'' 
as  shown  in  the  general  section  on  page  16.  It  is  a  coarse  massive 
bed  40  to  60  feet  thick  and  produces  the  precipitous  slopes  of  many  of 
the  valleys  and  the  "  rock  houses ''  so  prevalent  in  ravines  tributary  to 
Sunfish  Creek.  The  rock  is  sufficiently  durable  for  use  in  building 
and  for  curbstone,  foundations,  and  other  purposes,  being  similar  to 
the  same  bed  where  quarried  on  Standings  tone  Run  near  Woodsfield. 

Ldttle  attempt  has  been  made  to  improve  the  roads  in  Adams 
Township,  although  there  is  a  fair  supply  of  limestone  that  can  be 
obtained  with  little  trouble  in  the  valley  of  Sunfish  Creek.  The  beds 
lie  below  the  Uniontown  coal  and  are  40  to  80  feet  above  the  valley 
floor.  Excellent  exposures  may  be  seen  at  the  mouth  of  Piney  Fork 
and  also  in  almost  any  hillside  ravine.  The  argillaceous  limestone 
beds,  each  1  to  2  feet  thick,  are  interbedded  with  calcareous  shale. 
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5E0L0GY  AND  PETROLEUM  RESOURCES  OF  NORTH- 
WESTERN KERN  COUNTY,  CALIFORNIA. 


By  Walter  A.  English. 


INTRODUCTION. 

SCOPE  OF  BEFOBT. 

The  area  treated  in  this  report  comprises  about  200  square  miles 
)f  hilly  and  mountainous  country  and  about  350  square  miles  of  the 
alluvium-covered  San  Joaquin  Valley,  in  which  the  Lost  Hills,  North 
Belridge  or  Manel  Minor,  and  Belridge  oil  fields  are  situated  and  in 
which  there  appear  to  be  possibilities  that  other  fields  may  be  devel- 
oped (see  fig.  1).  The  discussion  is  practically  confined  to  the  areal 
geology  and  to  the  possibilities  of  finding  oil  in  untested  areas.  Con- 
ditions in  the  developed  fields  are  considered  solely  as  a  problem  in 
structural  geology,  and  no  attempt  is  made  to  present  a  study  of 
the  details  of  underground  conditions.  This  lack  of  treatment  of 
the  developed  fields  in  detail  is  due  both  to  the  circumstances  con- 
nected with  the  preparation  of  the  report  and  to  the  writer's  belief 
that  the  United  States  Geological  Survey's  field  of  greatest  useful- 
ness lies  rather  in  the  type  of  work  here  set  forth  than  in  the  study 
of  underground  conditions  of  interest  to  engineers  engaged  in  the 
work  of  development  and  production.  The  California  State  Mining 
Bureau  is  now  making  such  studies  in  much  more  detail  and  keep- 
ing data  obtained  more  nearly  up  to  date  than  the  Geological  Survey, 
under  existing  conditions,  would  find  possible.  The  reader  is  there- 
fore referred  for  such  data  to  the  bureau  mentioned. 

FIELD    WOBK. 

The  field  work  on  which  this  report  is  based  was  done  by  the 
writer,  assisted  by  W.  S.  W.  Kew,  in  the  fall  of  1916.  Approximately 
two  months  was  spent  in  the  field.  The  writer  originally  planned  to 
make  this  a  joint  report  by  himself  and  R.  W.  Pack,  who  was  to 
contribute  the  discussion  of  the  developed  fields.  However,  owing  to 
the  pressure  of  other  work,  Mr.  Pack's  part  will  probably  be  much 
delayed,  and  it  seems  best  to  publish  the  results  available  at  the 
present  time. 
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The  same  field  methods  were  followed  as  in  previous  work  in 
California.  Copies  of  the  Geological  Survey's  topographic  maps 
enlarged  to  a  scale  of  1^  inches  to  the  mile  were  used  as  a  base  for 
recording  field  observations,  and   locations   for   plotting  geologic 


Figure  1. — Index  map  of  Bouthwestern  California  showing  area  considered  in  this  report. 

data  were  determined  by  the  intersection  of  compass  sights  to 
prominent  peaks  or  other  features  which  it  seemed  probable  had 
been  accurately  located  by  the  topographers.  Wliere  details  of  to- 
pography seemed  to  l>e  inaccurately  shown,  the  areal  geology  as 
mapped  (PL  I)  was  adjusted  to  fit  the  topographic  details  only  if 
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no  very  material  change  was  required.  The  geologic  lines  are  there- 
fore not  in  all  places  shown  in  their  proper  relation  to  the  details  of 
topography.  No  attempt  was  made  to  locate  any  section  corners. 
The  accuracy  of  the  geologic  lines  with  respect  to  section  comers 
therefore  depends  on  the  accuracy  with  which  these  corners  were 
located  by  the  topographic  engineers.  Though  the  land  net  as  shown 
is  in  all  probability  substantially  correct,  where  an  accurate  tie 
between  the  geology  and  the  land  lines  is  desired  the  relations  of  the 
two  should  be  checked. 

r 

FBEVIGUS  FI7BLIGATI0KS. 

The  following  list  includes  the  papers  dealing  with  the  geology 
and  petroleum  resources  of  the  general  region  considered  in  this  bul- 
letin that  have  appeared  in  recent  years : 

1894.  Watts,  W.  L.,  The  gas  and  petroleum  yielding  formations  of  the  central 
valley  of  California :  California  State  Mln.  Bur.  Bull.  3,  100  pp.,  maps, 
plates,  and  figures.    Sacramento. 

Notes  on  the  topography,  geology,  and  oil  resources  of  the  Sunset 
district  are  given  on  pp.  22-37,  and  on  the  McKittrick  district  (called 
the  Buena  Vista  district  in  Watts's  report)  on  pp.  41-53;  some  analyses 
of  water  from  the  region  are  given  on  pp.  90  and  91. 

1900.  Watts,  W.  L.,  Oil  and  gas  yielding  formations  of  California:  California 
State  Miu.  Bur.  Bull.  19,  236  pp.,  maps,  plates,  and  figures.  Sacramento. 
Additional  notes  to  those  contained  in  his  former  report  are  given 
as  follows :  Geologic  sketch  of  San  Joaquin  Valley,  pp.  106-109 ;  Sunset 
district,  pp.  117-125;  McKittrick  district,  pp.  125-131;  Devils  Den  dis- 
trict, pp.  131  and  132. 

1904.  Prutzman,  P.  W.,  Production  and  uses  of  petroleum  in  California:  Cali- 

fornia State  Min.  Bur.  Bull.  32,  230  pp.,  maps,  plates,  figures,  and 
tables.     Sacramento. 

Maps  of  the  districts  and  analyses  and  notes  concerning  the  physical 
and  chemical  properties  of  the  oils,  their  uses,  methods  of  refining,  and 
other  useful  data  are  given  in  this  bulletin. 

1905.  Anderson,  F.  M.,  A  stratigraphic  study  in  the  Mount  Diablo  Range  of 

California :  California  Acad.  Sci.  Proc,  3d  ser.,  vol.  2,  pp.  156-248,  pis. 
13  to  35,  1  map.    San  Francisco. 

This  pa];>er  includes  a  brief  discussion  of  the  geology  and  paleontology 
of  the  region  along  the  southwestern  side  of  San  Joaquin  Valley,  In- 
cluding the  region  from  Devils  Den  to  Sunset,  together  with  descrip- 
tions and  illustrations  of  many  of  the  fossils  found  in  the  Tertiary 
formations. 
1908.  Anderson,  F.  M.,  A  further  stratigraphic  study  in  the  Mount  Diablo  Range 
of  California :  California  Acad.  Sci.  Proc.,  4th  ser.,  vol.  3,  pp.  1-40,  San 
Francisco. 

In  this  paper  Mr.  Anderson  gives  a  summary  of  his  earlier  pai)er  and 
makes  some  corrections  regarding  the  age  of  certain  of  the  formations 
necessitated  by  a  further  study  of  the  region. 
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1010.  Arnold,  Ralph,  and  Anderson,  Robert,  Geolof^y  nnd  oil  resources  of  tbe 
Coallnga  district,  Fresno  and  Kings  counties,  Calif. :  U.  S.  Geol.  Stirvey 
Bull.  388,  354  pp.,  nuips,  plates,  figures,  and  tables. 

Tbls  report  Includes  a  discussion  of  the  geology  and  oil  resources  of 
the  region  immediately  adjacent  on  the  north  to  that  covered  by  the 
present  report  Many  of  the  discussions  apply  to  the  McKittrlck-Sun- 
set  region. 

1910.  Arnold,  Ralph,  and  Johnson,  H.  R.,  PrelHrnnary  report  on  the  McKlttrick- 
Sunset  oil  region,  Kern  and  San  Luis  Oblsiio  counties,  Oalif. :  U.  8. 
QeoL  Survey  BulL  406. 

Describes  the  geology  of  northwestern  Kern  County  and  gives  re- 
sults of  drilling  up  to  date  of  publication. 

1914.  McLaughlin,  R.  P.,  and  Waring,  C.  A.,  Petroleum  industry'  of  California: 
California  Min.  Bur.  Bull.  69. 

Gives  good  description  of  Lo8t  II ills  and  Belridge  fields  and  map 
showing  location  of  wells. 

1917.  Gester,  G.  C,  Geology  of  a  portion  of  the  McKIttrick  district :  California 
Acad.  Scl.  Proc.,  4th  ser.,  vol.  7,  No.  9,  pp.  207-227,  pis.  33-34. 

Points  out  the  unconformable  relations  of  the  Maricopa  shale  and  the 
Etchegoin  and  Paso  Robles  ("Tulare'*)  formations,  and  the  bearing 
of  the  relations  between  the  Etchegoin  and  the  Paso  Robles  on  the 
occurrence  of  oil  pools. 

1917.  McLaughlin,  R.  P.,  First  Annual  Report  of  the  State  Oil  and  Gas  Super- 

visor :  California  State  Min.  Bur.  Bull.  73. 

Chapter  2  gives  a  description  of  conditions  of  water  infiltration  in 
the  Belridge  and  Lost  Hills  fields  as  well  as  statistics  of  wells  drilled, 
•etc. 

1918.  McLaughlin,  R.  P.,  Second  Annual  Report  State  Oil  and  Gas  Supervisor:        I 

California  State  Min.  Bur.  Bull.  82.  '^ 

Gives  statistics  of  wells  drilled  and  a  few  noti^  on  the  progress  of 
study  of  underground  conditions. 
1918.  McLaughlin.  R.  P..  Third  Annual  Report  State  Oil  and  Gas  Supervisor :        . 
California  State  Min.  Bur.  Bull.  84.  • 

GEOLOGY. 

ST&ATIGBAFHY. 

FRANCISCAN   FORMATION   AND   ASSOCIATED   IGNEOUS  ROCKS    (JURASSIC?). 

The  Franciscan  formation,  next  to  the  oldest  formation  that  out- 
crops in  the  Coast  Range,  consists  of  gray  and  greenish  arkosic  sand- 
stone, dark  and  bhick  fissile  shale,  and  thin-bedded  chert.*  This 
foirmation  has  been  generally  assigned  to  the  Jurassic  on  the  basis 
of  a  few  fossils  found  in  it  and  its  position  beneath  the  Cretaceous. 
Basic  igneous  rocks  have  been  intruded  into  the  sedimentary  beds  in 
nearly  all  places  where  they  are  exposed.  According  to  Fairbanks,^ 
most  of  the  intrusive  rocks  are  of  pre-Cretaceous  age,  but  an  in- 

^  A  detailed  study  of  the  Iltholoffy  and  probable  condiUons  of  deposition  of  the  r>an- 
clscan  formation  has  recenUy  been  published  by  E.  F.  Davis,  as  California  Univ.  Dept 
Geology  Pub.,  vol.  11,  Nos.  1  and  3,  1918. 

•Fairbanks,  H.  W.,  U.  S.  Geol.  Survey  Geol.  Atlas,  San  Luis  folio  (No.  101),  1904. 
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trusive  peridotite  (usually  altered  to  serpentine)  is  younger  than  the 
lower  part  of  the  Cretaceous.  Local  contact  metamorphism  has 
changed  the  Franciscan  sedimentary  rocks  into  schists  that  have  con- 
siderable petrographic  interest  but  that  occupy  very  small  areas. 
Because  of  the  extremely  intricate  structure,  and  the  small  size  and 
irregular  shape  of  manj'  of  the  intrusive  masses  no  attempt  is  made 
in  this  bulletin  to  differentiate  the  lithologic  types  in  the  Franciscan 
or  to  map  the  Franciscan  separate  from  the  associated  rocks. 

Within  the  area  mapped  (PL  I)  the  outcrops  of  Franciscan  rocks 
occupy  small  areas  and  are  confined  to  the  much-faulted  district 
around  the  head  of  Antelope  Valley.  The  fault-bounded  strip  of 
Franciscan  rocks  that  extends  southward  from  a  locality  west  of  the 
Antelope  pump  station  consists  mostly  of  peridotite  and  serpentine 
but  also  contains  small  areas  of  schist.  In  the  northeastern  part  of 
^  sec.  8,  T-  26  S.,  R.  17  E.,  is  a  rocky  knob  of  what  appears  to  be  a 
metadiorite,  with  a  marked  schistose  structure.  A  small  area  of 
limestone  west  of  the  Antelope  pump  station  is  described  by  Arnold 
and  Johnson.^  In  sec.  16  there  is  an  area  consisting  entirely  of  ser- 
pentine and  farther  south,  close  to  the  faulted  anticlinal  axis  in  the 
Vaqueros,  there  are  several  small  areas  of  Franciscan  which  Arnold 
and  Johnson  describe  in  detail. 

No  oil  is  known  to  occur  in  Franciscan  rocks,  and  their  character 
and  structure  make  it  seem  unlikely  that  oil  will  be  found  in  them 
anywhere.  Areas  within  which  these  rocks  outcrop  may  therefore 
be  safely  considered  as  having  no  oil  possibilities  whatever. 

CRETACEOUS  ROCKS. 

The  Cretaceous  rocks,  which  consist  of  dark  marine  clay  shale  with 
lenticular  conglomerate  and  sandstone  beds  of  considerable  thick- 
ness, were  deposited  unconformably  upon  the  Franciscan  formation. 
Where  the  Cretaceous  rocks  are  well  exposed  in  the  Coast  Ranges, 
enormous  stratigraphic  thicknesses  have  been  measured.  West  of 
Coalinga  a  thickness  of  19,000  feet  of  mostly  Lower  Cretaceous  beds 
is  present  *  and  north  of  Coalinga  a  thickness  of  24,000  feet  of  Upper 
Cretaceous  rocks. **  The  Cretaceous  succession  is  in  some  areas  broken 
by  an  unconformity  which  separates  the  Lower  Cretaceous  (Shasta 
series)  from  the  overlying  Upper  Cretaceous  (Chico  formation). 
Elsewhere,  as  within  the  area  here  described,  no  unconformity  has 

« Arnold,  Ralph,  and  Johnson,  H.  R.,  Preliminary  report  on  the  McKittrick-Sunset  oil 
region,  Kern  and  San  Luis  Obispo  coantics,  Calif. :  U.  S.  Oeol.  Survey  Bull.  406,  p.  83, 
1910. 

*Pack,  R.  W.,  and  English,  W.  A.,  Geology  and  oil  prospects  of  Waltham,  Priest, 
Bltterwater,  and  Peachtree  valleys,  Calif. ;  U.  8.  Geol.  Survey  Bull.  581,  p.  127,  1916. 

'^Anderson,  Robert,  and  Pack,  R.  W.,  Geology  and  oil  resources  of  the  west  border  of 
the  San  Joaquin  Valley  north  of  Coalinga,  Calif. :  U.  S.  Geol.  Survey  Bull.  603,  p.  37, 
1015. 
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been  observed,  and  the  separation,  if  made  at  all,  must  be  made  on 
the  basis  of  fossils. 

The  field  work  for  the  present  report  was  confined  almost  entirely 
to  the  areas  that  contain  outcrops  of  Tertiary  rocks  that  bear  some 
relation  to  a  study  of  the  oil  resources  of  the  region.  The  Cretaceous 
was  therefore  only  mapped  where  structural  complications  bring  it 
to  the  surface  within  the  areas  of  Tertiary  formations  that  border 
the  San  Joaquin  Valley.  Outcrops  of  Cretaceous  rocks  were  ex- 
amined in  a  number  of  areas  north  of  Bitterwater  Creek  and  near  the 
Temblor  ranch.  Most  of  Barril  Valley  is  underlain  by  Cretaceous 
shale,  good  exposures  of  which  are  seen  along  the  McGovem  Grap 
road.  Here,  as  at  other  places  where  the  formation  was  examined, 
it  consists  of  dark-green  clay  shale  that  contains  intercalated  beds  of 
fiaggy  sandstone,  most  of  them  one-half  to  two  inches  thick,  which 
make  up  perhaps  5  per  cent  of  the  stratigraphic  thickness.  The 
sandstone  breaks  up  into  plates,  which  weather  to  a  dark  reddish 
brown.  These  platy  fragments,  scattered  over  a  surface  covered 
by  a  clay  soil,  form  reliable  evidence  of  the  presence  of  Cretaceous 
rocks.  The  soft  clay  shale  is  rather  easily  eroded,  and  Barril  Valley 
is  largely  an  erosional  feature,  determined  by  the  presence  of  Cre- 
taceous shale.  Another  area  of  lithologically  similar  Cretaceous 
rocks  determines  the  low  topography  which  extends  southeastward 
from  Raven  Pass  to  Bitterwater  Valley.  The  Cretaceous  area  on  the 
north  slope  of  Shale  Hills  contains  some  prominent  beds  of  hard 
sandstone  which  weather  to  a  reddish  brown.  These  sandstone  beds 
are  6  inches  to  2  feet  thick,  and  each  bed  is  sharply  separated  from 
the  interbedded  shale,  which  even  here  makes  up  80  per  cent  of  the 
total  thickness. 

So  far  as  known,  the  Cretaceous  rocks  within  this  area  do  not  con- 
tain oil,  except  in  very  small  quantities,  and  no  seeps  or  other  evi- 
dence of  oil  have  been  discovered.  The  presence  of  Cretaceous  rocks 
at  the  surface  should  therefore  discourage  prospecting,  and  if  pene- 
trated in  a  well  it  should  be  abandoned,  as  it  must  have  already 
passed  all  probable  oil-bearing  horizons. 

TEJON  rORMATION    (EOCENE). 

The  Tejon  formation,  which  unconformably  overlies  the  Creta- 
ceous rocks,  is  well  represented  in  the  central  and  southern  part  of 
the  area  mapped  (PI.  I),  where  it  consists  of  massive  buff  sandstone 
and  less  prominent  dark  day  shale.  North  of  Bitterwater  Creek  it 
is  absent,  having  been  entirely  eroded  previous  to  the  deposition 
of  the  Miocene  rocks,  which  rest  directly  on  the  Cretaceous  rocks. 
The  massive  cavernous- weathering  quartzose  sandstone  is  character- 
istic of  the  Tejon  throughout  the  southern  part  of  the  State,  and  the 
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formation  was  recognized  within  this  area  largely  from  its  lithologic 
character  and  stratigraphic  position. 

The  Tejon  was  examined  along  the  McDonald  anticline  and  in  the 
higher  hills  from  Agua  Media  Creek  southward  to  the  Temblor 
ranch.  In  the  McDonald  anticline  the  Eocene  consists  of  inter- 
bedded  dark-green  shale  and  light-buff  sandstone.  Near  the  top  of 
the  section  there  is  a  massive  yellow  sandstone  that  contains  a  great 
many  nearly  round  concretions  from  2  to  3  feet  in  diameter.  These 
concretions  are  very  hard,  and  as  the  formation  is  eroded  large 
numbers  of  them  are  left  lying  on  the  surface  of  the  ground.  The 
old  sheep  corral  at  the  McDonald  ranch  is  built  of  these  concretions. 
A  good  example  of  the  unconformity  between  the  Tejon  and  the 
overlying  Miocene  beds  may  be  seen  along  the  northern  end  of  the 
Tejon  inlier  in  the  McDonald  anticline. 

Farther  back  from  the  edge  of  the  valley  the  Tejon  is  exposed  in 
a  continuous  outcrop  from  a  locality  near  Napoleon  Spring  south- 
ward to  the  Temblor  ranch.  The  characteristic  lithology  makes  this 
formation  easily  separable  from  the  adjacent  formations,  and  in 
many  places  clearly  marked  unconformities  both  at  the  base  and  top 
may  be  seen. 

A  paced  section  of  the  Tejon,  measured  along  the  ridge  on  the 
north  side  of  Agua  Media  Creek,  shows  it  to  be  approximately  1,800 
feet  thick,  made  lip  as  follows : 

Section  of  Tejon  formation  on  north  aide  of  Agua  Media  Creek, 

Top  of  section.  Feet. 

Alternate  sandstone  and  shaly  sandstone  and  some  shale; 
the  sandstone  beds  weather  to  rather  prominent  craggy 
outcroiw    : 400 

Hard  massive  cavernous- weathering  buff  sandstone;  con- 
tains irregular  nodular  concretions 100 

Alternate  sandstone  and  clay  shale,  comprising  five  zones  of 
shale  and  four  of  sandstone ;  the  shale  Is  dark  green  to  gray 
but  not  as  dark  as  the  Cretaceous  shale *  40O 

Concretionary  zone,  comprising  mostly  sandstone,  together 
with  some  shale;  contains  hard  round  concretions  1  foot 
to  2  feet  in  diameter 250 

Soft  fine  yellow  shaly  sandstone 1(X> 

Fine-grained  yellow  sandstone,  shaly  sandstone,  and  shale; 
the  sandstone  forms  prominent  outcrops  on  both  sides  of 
Agua  Media  Canyon 300 

Soft  fine-grained  sandstone;  weathers  to  a  yellow  and  red 
soil    275 

Base  of  section.  

1,825 

South  of  Agua  Media  Creek  the  beds  shown  in  the  above  section 
are  present,  and  in  addition  about  1,000  feet  of  overlying  buff  sand- 
stone, making  a  total  thickness  of  2,800  feet.    The  Tejon  thins 
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northward  from  Agua  Media  Creek.  About  a  mile  northeast  of  . 
Wahiut  Springs  it  is  only  1,000  feet  thick,  and  a  short  distance 
northwest  of  Napoleon  Spring  it  is  entirely  overlapped  by  the  beds 
of  the  lower  Miocene.  Farther  north,  near  the  mouth  of  Cedar 
Canyon,  the  Tejon  again  appears  as  a  massive  sandstone,  which  is 
exposed  for  a  distance  of  2  miles  along  the  strike  and  reaches  a 
thickness  of  400  feet. 

The  Tejon  is  well  developed  between  Agua  Media  Creek  and  Tem- 
blor ranch  and  is  composed  of  material  similar  to  those  in  the  sec- 
tion measured  north  of  Agua  Media  Creek.  Because  of  the  uncon- 
formity at  the  base  of  the  lower  Miocene  these  beds  rest  on  different 
beds  of  the  Tejon  in  different  places,  including  massive  cavernous- 
weathering  sandstone,  nodular  sandstone,  and  shaly  beds. 

The  only  fossils  found  in  the  Tejon  south  of  Antelope  Valley  were 
the  following  forms  from  Salt  Creek,  which,  however,  are  not  char- 
acteristic : 

FositUn  from  Tejan  formation  near  8<Ut  Creek, 

Dentalium  sp.?  Shark  teeth. 

Bryoasoa.  Brachlopod. 

The  age  deteimination  rests  on  the  lithologic  similarity  to  the 
Tejon  beds  on  the  north  side  of  Antelope  Valley  from  Point  of 
Rocks  northward,  where  a  good  Tejon  fauna  is  found  near  the  base 
of  the  formation. 

The  Tejon  is  excellently  exposed  in  the  vicinity  of  Point  of  Rocks, 
on  the  north  side  of  Antelope  ''^aUey.  The  writer  made  only  a 
hasty  examination  of  this  area,  a  detailed  description  of  which  may 
be  found  elsewhere.**  The  beds  consist  of  nodular,  massive,  and 
cavernous- weathering  sandstone,  similar  to  that  which  outcrops^  in 
the  vicinity  of  Agua  Media  Creek.  An  excellent  Tejon  fauna  was 
collected  from  hard  calcareous  sandstone  beds  near  the  base  of  the 
formation. 

Like  the  other  pre-Miocene  formations  within  this  area,  the  beds 
of  Tejon  age  in  all  probability  contain  no  oil.  There  are  no  seeps  or 
other  evidence  of  oil  on  the  outcrop,  and  the  absence  of  any  diato- 
maceous  shale  in  it  or  in  older  formations  within  this  area  makes 
the  Tejon  an  unpromising  formation  in  which  to  look  for  oil. 

OLIGOCENE   (  ? )   ROCKS. 

Rocks  of  possible  Oligocene  age  crop  out  in  the  outer  hills  on  the 
north  side  of  Antelope  Valley.  The  writer  made  only  a  very  hasty 
examination  of  the  region  north  of  Point  of  Rocks  and  has  fol- 

"Artiold,  Ralpli,  and  Johnson,  fl.  11.,  rrellmlnnry  report  on  tho  McKlttrIck- Sunset  oU 
region »  Kern  and  Son  Luis  Obispo  countiee,  Calif. ;  U.  S.  Geol.  Survey  Bull.  406,  pp.  3S-30» 
1010, 
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lowed  the  mapping  of  Arnold  and  Johnson,  though  with  some  modi- 
fications. According  to  their  description/  the  Oligocene  (?)  con- 
sists of  about  1,800  feet  of  prevailingly  pink  and  brownish  weathering 
clay  shale,  at  the  base  of  which  lies  about  100  feet  of  nonnodular 
light-gray  to  buff  sandstone  inclosing  a  f ossiliferous  calcareous  reef. 

The  fossils  found  by  them  are  not  diagnostic  of  any  particular 
horizon,  and  the  tentative  correlation  of  the  beds  with  the  Oligocene 
was  based  on  their  position  below  the  reef  zone  of  the  Vaqueros. 
The  writer  believes  that  more  detailed  paleontologic  and  strati- 
graphic  work  may  show  that  the  Vaqueros,  on  the  north  side  of 
Antelope  Valley,  which  is  mapped  by  Arnold  and  Johnson  as  only 
15  to  150  feet  thick,  is  really  the  equivalent  of  the  top  reef  bed  of 
the  sections  south  of  Devil  water  Creek,  and  that  the  Oligocene  (?) 
is  the  equivalent  of  the  underlying  part  of  the  undifferentiated 
Vaqueros  and  Maricopa  deposits,  as  shown  in  Plate  II. 

Arnold  and  Johnson  describe  an  oil  spring  in  sec.  23,  T.  25  S., 
R.  15  E.,  in  the  Vaqueros-reef  zone,  and  several  shallow  wells  get  a 
small  amount  of  oil  from  the  underlying  shale,  a  short  distance  away. 
Farther  north,  in  the  Coalinga  district,  large  amounts  of  oil  are 
believed  to  have  originated  in  Oligocene  (?)  beds,  probably,  in  part 
at  least,  equivalent  to  these. 

VAQUEROS  SANDSTONE  AND  MARICOPA  SHAI^E  (MIOCENE). 

OENE&AL  OHABAGTER. 

An  apparently  continuous  series  of  marine  sandstone  and  diatoma- 
ceous  shale,  containing  lower  Miocene  fossils  near  the  base,  forms 
most  of  the  foothills  along  the  edge  of  the  valley.  This  succession, 
which  Arnold  and  Johnson  in  their  report  classified  as  undiffer- 
entiated Miocene,  Vaqueros  sandstone,  Monterey  shale,  and  Santa 
Margarita  (?)  formation  is  here  treated  as  a  single  stratigraphic 
unit.  It  reaches  a  maximum  thickness  of  more  than  9,000  feet  at 
Chico  Martinez  Creek,  where  a  well-exposed  section  was  measured 
(see  PL  II,  sec.  2),  and  consists  of  interbedded  sandstone  and  shale 
in  the  lower  1,500  feet,  overlain  by  clay  shale  and  diatomaceous 
shale.  Much  of  the  upper  part  of  the  shale  is  neariy  white,  of  light 
specific  gravity,  and  is  made  up  in  considerable  part  of  the  skeletons 
of  diatoms  and  other  skeletal  fragments  of  minute  organisms.  Ac- 
cording to  the  generally  accepted  theory,  the  oil  found  in  this  region 
originated  in  the  diatomaceous  shale  and  was  formed  from  the  soft 
parts  of  small  organisms,  the  skeletons  of  some  of  which  are  present 
in  the  shale.  The  shale  was  not  only  the  original  source  of  the  oil, 
but  sandy  beds  in  the  shale  formation  form  reservoirs  from  which 
many  of  the  wells  in  the  productive  fields  draw  their  supply  of  oil. 

T  Arnold,  Ralph,  and  Johnson,  II.  R.,  op.  cit.,  pp.  40-41. 
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These  fonnations,  therefore,  bear  a  close  relation  to  the  oil,  and  they 
will  be  described  in  considerable  detail. 

Although  the  Vaqueros  sandstone  and  the  Maricopa  shale  are  well 
exposed  along  the  entire  length  of  the  foothills  which  border  San 
Joaquin  Valley,  a  nearly  complete  section  is  present  only  between 
Gould  Hill  and  the  moutii  of  Carneros  Canyon.  Even  here  the  Mc- 
Kittrick  formation  rests  in  marked  unconformity  on  the  Maricopa 
shale,  and  a  considerable  thickness  of  the  shale  is  undoubtedly  over- 
lapped and  hidden  from  view  by  the  McKittrick.  The  thic^ess  of 
over  9,000  feet  now  exposed  therefore  represents  a  minimum  original 
thickness,  and  the  succession  as  originally  deposited  was  probably 
much  more  than  10,000  feet  thick.  North  and  south  of  this  locality 
the  valley  alluvium  overlaps  all  the  upper  part  of  the  series,  and  the 
study  was  necessarily  confined  to  the  lower  beds! 

The  remarkable  variation  in  lithology  of  these  lower  beds  is  graphi- 
cally shown  in  the  sections  in  Plate  II.  From  Devilwater  Creek 
southeastward  a  number  of  lenticular  sandy  beds  are  interbedded  with 
the  lower  1^00  feet  of  shale  and  sandy  shale.  Some  of  the  stones  of 
sandstones  weather  out  prominently  into  reefs  which  may  be  seen 
for  miles.  The  principal  reef  zones  have  been  mapped  as  sandstone 
on  Plate  I.  A  closer  examination  shows  that  even  these  reef  zones 
contain  considerable  amounts  of  interbedded  shale  and  that  the  in- 
tervening shale  zones  contain  less  prominent  thin  sandy  beds.  The 
separation  into  sandstone  and  shale  can  not  therefore  be  shown  clearly 
on  the  geologic  map.  Above  this  reef-bed  zone  lies  from  1,200  to 
2,500  feet  of  pink  to  brown  clay  shale  and  diatomaceous  shale,  in  the 
lower  part  of  which  is  a  prominent  zone  of  hard  platy  shftl^  a^d 
cher^.  These  beds  are  overlain  by  light-coloredlowhite  shale,  mostly 
~cIiatomaceous,  over  4,500  feet  thick.  The  base  of  this  upper  shale 
zone  is  shown  on  the  geologic  map.  The  line  of  separation  between 
this  white  shale  and  the  underlying  less  diatomaceous  shale  is  not 
sharp,  and  where,  because  of  discontinuous  outcrop,  the  line  is  not 
actually  traceable  the  horizon  shown  as  the  base  of  the  white  shale 
may  be  wrongly  placed,  because  of  lithologic  variation  in  the  beds 
along  the  strike.  In  other  words,  the  line  shown  as  the  base  of  the 
white  shale  for  the^area  between  Temblor  Valley  and  Carneros  Spring 
may  not  be  at  the  same  horizon  as  the  lines  shown  near  the  mouth  of 
Agua  Media  Creek  and  in  Shale  Hills.  A  comparison  of  the  thick- 
ness of  the  measured  sections  suggests  that  the  line  drawn  at  the  base 
of  the  white  shale  for  the  area  south  of  Carneros  Creek  indicates  a 
considerably  higher  horizon  than  the  base  of  the  white  shale  on  Agua 
Media  Creek.  Such  a  correlation  would  place  the  base  of  the  upper 
shale  zone  about  1,000  feet  lower  down  in  the  Chico  Martinez  Creek 
section,  and  on  the  map  the  line  would  be  at  the  western  base  of  the 
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prominent  ridge  in  sec.  3  and  of  the  l',894-foot  hill  in  sec.  10, 
instead  of  along  their  northeastern  flank  as  shown. 

The  basal  reef -bed  zone  is  even  more  variable  north  of  Devilwater 
Creek  than  south  of  it.  From  Devilwater  Creek  northward  to  Bit- 
terwater  Valley  only  a  single  zone  of  reef  beds  near  the  base  of  the 
section  is  present,  and  it  ranges  from  100  to  500  feet  in  thickness. 
North  of  Bitterwater  Valley  the  lower  sandstone  is  from  600  to 
750  feet  thick  except  in  the  McDonald  anticline.  In  that  fold  there 
is  an  apparent  thickness  of  nearly  2,000  feet  in  which  sandstone  beds 
are  prominent.  The  structure  along  this  part  of  the  anticline  is  ir- 
regular and  the  mapping  may  not  be  entirely  correct,  so  the  apparent 
thickness  may  be  due  to  duplication  of  beds  by  faults  or  folds  or  by 
the  crushing  and  thickening  incident  to  folding.  If,  as  the  writer 
believes,  the  thickness  given  represents  the  original  thickness  it  is 
probably  due  to  the  sandy  beds  extending  higher  in  the  succession 
here,  but  there  may  be  an  extreme  local  thickening  of  the  basal  sandy 
zone,  possibly  due  in  part  to  overlap. 

Farther  north,  on  the  northwest  side  of  Barril  Valley,  a  thickness 
of  more  than  3,000  feet  of  the  lower  sandstone  was  measured,  and  in 
this  locality  it  appears  that  the  sandstone  beds  are  equivalent  to  all 
the  beds  below  the  horizon  of  the  white  shale  as  mapped  in  the  hills 
east  of  Barril  Valley  and  farther  south. 

OOBKELATIOH   AVS   AGS. 

The  classification  of  the  beds  of  Vaqueros  and  later  Miocene  age  has 
caused  more  disagreement  among  geologists  than  that  of  almost  any 
other  formations  in  the  Coast  Range.  The  reason  for  the  disagree- 
ment lies  in  the  fact  that  the  succession  of  beds  differs  greatly  within 
short  distances  and  also  in  the  difficulty  in  correlation  by  paleontology 
between  the  nonadjacent  areas  in  which  detailed  work  has  been  done. 
(See  PI.  II.) 

The  beds  here  described  as  undifferentiated  Vaqueros  sandstone 
and  Maricopa  shale  are  believed  to  be  equivalent  in  age  to  at  least 
part  of  the  Vaqueros  sandstone,  Salinas  ("Monterey")  shale,  and 
Santa  Margarita  formation ;  but  no  unconformities  or  other  basis  for 
a  division  into  these  formations  are  present.  Arnold  and  Johnson, 
who  mapped  in  detail  the  area  here  discussed,  divided  this  succession 
into  four  units — undifferentiated  Miocene,  Vaqueros  sandstone, 
Monterey  shale,  and  Santa  Margarita  (?)  formation.  No  uncon- 
formities are  described  in  their  report  as  occurring  between  these 
formations,  the  separation  being  based  on  lithologic  character  or 
faunal  content.  The  reasons  for  not  following  the  classification  of 
Arnold  and  Johnson  may  be  summarized  for  each  of  their  imi^ 
follows : 
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The  fauna  present  in  the  undifferentiated  Miocene  beds,  though  it 
contains  some  species  which  are  found  in  the  so-called  Oligocene  beds 
of  the  Mount  Diablo  region,  does  not  differ  materially  from  the  fauna 
in  the  overlying  sandy  beds  mapped  as  Vaqueros  by  Arnold  and 
Johnson.  The  overlap  of  the  undifferentiated  Miocene  by  Vaqueros 
indicated  by  Arnold  and  Johnson's  mapping  was  not  borne  out  by  the 
present  work.  These  basal  beds  and  the  overlying  Vaqueros  are  lith- 
ologically  similar  and  appear  to  have  been  deposited  during  a  con- 
tinuous cycle  of  deposition.  Thus  there  appears  to  be  no  valid  f  aunal, 
stratigraphic,  or  structural  evidence  for  the  separation  of  this  lower 
unit  within  the  area  considered  in  this  bulletin. 

Arnold  and  Johnson's  description  of  the  Vaqueros  sandstone  does 
not  state  its  structural  relation  to  the  overlying  and  underlying 
beds.  Apparently  no  unconformity  was  found,  and  it  was  separated 
from  the  overlying  "  Monterey  shale  "  because  of  its  lithologic  char- 
acter.   They  say : 

Despite  this  [complex  structure]  the  Vaqueros  In  its  more  intimate  character- 
istics, as  of  palaeontology,  lithology,  color,  thickness,  etc.,  is  quite  uniform.  It 
consists  nearly  everywhere  of  beds  of  tawny  to  brownish  medium-gained  sand* 
stones,  generally  containing  many  fosHlls,  und  nearly  everywhere  ctilcareous. 
The  beds  are  almost  always  resistant,  and  hence  produce  a  characteristic  reef 
topography,  which  alone  is  usually  sufflcient  to  distinguish  the  beds  from  any 
others  in  the  region.* 

This  description,  if  warranted,  would  be  a  valid  basis  for  separa* 
tion.  It  is,  however,  not  borne  out  by  the  writer's  work  or  by  Arnold 
and  Johnson's  detailed  description  of  the  Vaqueros  or  by  their  map- 
ping. On  their  map  the  Vaqueros  unit  is  used  to  show  reef -like  sand- 
stone beds,  irrespective  of  their  stratigraphic  position.  Thus  between 
Napoleon  Spring  and  Temblor  ranch  there  are  two  Vaqueros  reefs, 
between  which  is  "  Monterey  shale."  Farther  south,  in  the  Midway 
district,  a  number  of  other  Vaqueros  reefs  are  shown  in  the  "  Monte- 
rey shale,"  and  some  even  in  the  "  Santa  Margarita  (?)  shale."  Their 
mapping  therefore  confirms  the  writer's  conclusion  that  the  lower  or 
Vaqueros  sandy  zone  grades  upward  into  the  "  Monterey  shale "  and 
that  there  is  no  definite  or  even  approximate  boundary  between  the 
two  which  may  be  traced  for  any  considerable  distance.  No  uncon- 
formity has  been  found  and  no  fossils  have  been  found  in  the  over- 
lying shaly  beds,  so  that  it  seems  preferable  to  map  the  reef  beds 
simply  as  sandstone  phases  in  the  undifferentiated  Vaqueros  and 
Maricopa. 

The  separation  between  the  beds  mapped  as  "  Monterey  shale  "  and 
"Santa  Margarita  (?)  formation"  is  stated  by  Arnold  and  Johnson 
to  be  based  mainly  on  the  lithologic  characters,®  though  they  say  that 


»U.  8.  Geol.  Suryf'y  Bull.  406.  p.  43,  1910. 
*  Idem,  pp.  65-^6. 
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the  "Santa  Margarita^  beds  are  locally  unconformable  on  the 
"Monterey  shale,".^**  and  their  areal  mapping  of  the  west  side  of 
Antelope  Valley  indicates  a  marked  unconformity  between  the  two. 
The  writer  has  mapped  a  line  at  the  base  of  the  white  shale  which 
corresponds  in  a  general  way  with  the  separation  described  by  Ar- 
nold and  Johnson,  though  differing  materially  in  its  location  as 
mapped  from  the  line  at  the  base  of  their  Santa  Margarita  (?)  for- 
mation. No  evidence  of  an  unconformity  at  this  horizon  was  found 
within  the  area  studied,  and  the  evidence  is  not  regarded  as  sufficient 
to  prove  that  this  particular  line  marks  the  base  of  the  beds  equiva- 
lent in  age  to  the  Santa  Margarita  formation  of  the  Salinas  Valley 
region. 

F.  M.  Anderson,^^  in  his  description  of  this  region,  has  used  the 
names  "  Temblor  formation  "  for  the  lower  sandy  phase  and  "  Monte- 
rey shale  "  for  the  overlying  shale.  As  he  did  not  publish  a  map,  he 
was  not  under  the  necessity  of  showing  the  line  of  separation  be- 
tween the  two  formations.  He  believes  that  the  "Temblor  forma- 
tion "  is  of  the  same  age  as  the  Vaqueros,  but  that  the  name  ^^em- 
blor  "  should  take  precedence  because  of  a  supposed  lack  of  definite- 
ness  in  the  original  description  of  the  Vaqueros.  The  name  Vaqueros, 
however,  has  been  adopted  by  the  United  States  Geological  Survey. 

J.  P.  Smith  ^*  uses  the  name  "  Temblor  "  for  the  sandy  beds  at  the 
base  of  the  succession  here  described,  but  he  believes  on  paleontologic 
evidence  that  they  are  younger  than  the  Vaqueros  sandstone  as  origi- 
nally described  and  represent  the  time  equivalent  of  the  lower  part 
of  the  Salinas  shale  ("Monterey  shale")  of  the  coast  region,  where 
it  overlies  the  typical  Vaqueros  sandstone. 

Thus  there  is  a  difference  of  opinion  as  to  the  relative  ages  of  the 
beds  here  described  and  the  Vaqueros  Sandstone  and  Salinas  ("  Monte- 
rey ")  shale  of  the  coast  region.  Arnold's  classification  would  place 
the  basal  beds  in  San  Joaquin  Valley  (Oligocene  (?)  and  undiffer- 
entiated Miocene)  below  the  type  Vaqueros;  F.  M.  Anderson  would 
have  the  sandstone  formations  in  the  two  regions  equivalent  in  age ; 
and  J.  P.  Smith  would  place  the  "Temblor  formation"  above  the 
Vaqueros.  The  writer's  view  is  that  the  Vaqueros  sandstone  in  the 
two  areas  is  roughly  equivalent  in  age,  and  that  during  the  sub- 
mergence which  began  with  the  deposition  of  the  Vaqueros  and 
culminated  with  that  of  the  Salinas  shale  each  of  many  small  areas 
was  submerged  at  a  slightly  different  time  from  the  rest,  so  that  the 

WU.  8.  Geo}.  Survey  Bull.  406,  p.  63,  1910. 

"Anderson,  F.  M.,  A  stratlgraphic  study  In  the  Mount  Diablo  Range  of  California: 
California  Acad.  Sci.  Proc,  3d  ser..  Geology,  yoI.  2,  pp.  166-248,  1905 ;  a  further  strati- 
grl^>bic  study  in  the  Mount  Diablo  Range  of  California :  California  Acad.  Sci.  Proc,  4th 
ser.,  vol.  3,  pp.  1-40,  1908. 

»•  Smith,  J.  P.,  OoolORlc  range  of  Miocene  Invertebrate  fossils  of  California :  California 
Acad.  Sci.  Proc,  vol.  3,  pp.  161-182,  1912. 
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basal  beds  are  not  everywhere  of  the  same  age.  However,  the  pale- 
ontologic  work  thus  far  done  has  not  been  sufficient  to  show  which 
areas  were  first  submerged. 

LOOAI.  SETAII.B. 

In  the  following  descriptions  the  area  mapped  is  divided  into 
seven  districts,  within  each  of  which  the  character  of  the  undiffer- 
entiated Vaqueros  and  Maricopa  rocks  is  fairly  uniform.  These  dis- 
tricts from  south  to  north  include  (1)  the  area  from  McKittrick  to 
the  Temblor  Ranch  oil  field,  (2)  the  west  side  of  Temblor  Valley, 

(3)  the  area  from  Gould  Hill  northwestward  to  Cameros  Creek, 

(4)  the  area  from  Cameros  Creek  to  Devilwater  Creek,  (5)  the  area 
from  Devilwater  Creek  to  Bitterwater  Valley,  (6)  the  area  from 
Bitterwater  Valley  northward  to  the  head  of  Antelope  Valley,  and 
(7)  the  north  side  of  Antelope  Valley. 

U*KITTBICK    TO   TEHBLO^    BANCH    OIL   FIELD. 

Within  the  area  between  McKittrick  and  the  Temblor  oil  field  the 
structure  is  extremely  complicated,  so  that  at  most  points  the  areal 
mapping  can  not  show  whether  the  outcropping  beds  represent  the 
upper  or  lower  part  of  the  shale.  All  lithologic  variations  of  shale 
occur  from  soft,  powdery,  poorly  bedded  white  shale  to  hard,  flinty 
material  and  chocolate-colored  clay  shale.  In  the  vicinity  of  Sheep 
Springs  several  zones  of  shale  breccia  occur  along  fault  zones.  In 
this  locality  the  harder  of  the  thin  beds  of  shale,  one-half  to  1  inch 
thick,  are  broken  into  angular  fragments  which  are  scattered  through 
a  matrix  of  softer  shale.  The  formation  looks  like  an  angular  con- 
glomerate and  resembles  almost  exactly  certain  phases  of  the  Mc- 
Kittrick formation,  for  which  it  was  apparently  mistaken  by  Arnold 
and  Johnson.  On  the  ridge  just  south  of  Sheep  Springs  lie  boulders 
of  this  material  that  have  been  hardened  by  local  silicification  to 
form  a  compact  chert  as  hard  as  any  found  in  the  Franciscan  forma- 
tion. In  the  much  faulted  shale  on  the  north  side  of  Frazer  Valley 
there  are  similar  outcrops  of  shale  breccia. 

WEST  SIDK  or  TEMBLOR  VALLEY. 

The  monocline  along  the  edge  of  the  hills  farther  north  gives  place 
to  complicated  structural  features,  consisting  of  small  eastward- 
trending  folds  and  faults  along  the  west  side  of  Temblor  Valley. 
The  basal  700  feet  of  Miocene  beds  exposed  in  this  area  is  largely 
composed  of  sandstone,  and  these  beds  are  overlain  by  a  similar 
thickness  of  pink  to  chocolate-colored  clay  and  impure  diatomaceous 
shale.  A  hard  calcareous  sandstone,  which  forms  the  upper  half  of 
the  sandy  beds,  weathers  to  prominent  reefs.  This  reef  bed  wherever 
it  was  examined,  both  to  the  west  of  the  Temblor  ranch  and  to  the 
east,  where  it  swings  around  a  small  plimging  anticline,  is  about  300 
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feet  thick  and  consists  of  dark-brown  to  nearly  white  coarse  sand- 
stone and  calcareous  sandstone.  The  calcareous  beds  weather  most 
prominently.  They  have  a  pitted  appearance,  and  here  and  there  a 
concretionary  nodule  stands  out  in  them.  Much  of  the  light-colored 
sandstone  is  cross-bedded,  and  an  especially  good  example  of  cross- 
bedding  is  shown  in  the  reef  on  the  north  side  of  the  small  syncline 
in  the  SE.  i  sec.  23,  T.  29  S.,  R.  20  E.  Below  this  reef  bed  lie 
softer  sandstone  and  shale.  Toward  the  south  these  lower  beds  are 
more  sandy,  and  a  basal  sandstone  zone  has  been  mapped.  West 
of  Temblor  ranch  they  consist  of  brown  to  dark-gray  sandstone  and 
shaly  sandstone,  in  which  the  bedding  planes  are  not  very  distinct. 
Northward  from  the  south  line  of  sec.  23  these  beds  below  the  promi- 
nent reef  bed  are  less  sandy  and  consist  largely  of  dark  shale,  which 
in  some  places  contains  fossiliferous  sandy  beds  from  5  to  20  feet 
thick. 

0OT7LD   BUX  TO   AGTJA   MEDIA   CBEEK. 

Within  the  area  between  Gould  Hill  and  Agua  Media  Creek  the 
section  of  the  Vaqueros  and  Maricopa  formations  that  is  exposed  is 
by  far  the  most  complete  section  that  has  been  measured  anywhere 
within  the  region.  The  beds,  which  dip  45^-70®  NE.,  contain  no 
minor  folds  and  are  excellently  exposed.  The  following  section  is 
also  shown  graphically  as  No.  2  on  Plate  II : 

Section  of  Vaqueros  and  Maricopa  formaiiona  at  Chico  Martinez  Creek. 

Top  of  section.  Feet. 

Very  soft,  light,  porous,  nearly  white  diatomaceous  shale 650 

Soft  white  diatomaceous  shale,  containing  three  or  four  hard 
cherty  layers  1  to  5  feet  thick  in  which  some  tar  Is  present.      275 

Hard  nearly  white  cherty  shale,  considerably  crushed  and 
breaking  Into  small  angular  fragments  whose  Interstices 
contain  tar  and  soUd  bitumen,  makes  up  half  the  thickness 
and  softer  pink  shale  the  other  half 100 

Medium-indurated  pink  shale,  which  breaks  into  large 
angular  and  dlscoidal  fragments,  not  very  fissile 400 

Brown  sandstone 5 

Medium- indurated  pink  shale,  rather  uniform  In  character, 
containing  yellow  calcareous  beds  6  Inches  to  1  foot  thick 
at  Intervals  of  20  to  100  feet 1, 405 

Pink  shale,  weathers  white,  like  the  overlying  shale  but 
contains  no  calcareous  beds , 650 

Pink  blocky  shale;  calcareous  beds  rare 800 

Interbedded  soft  blocky  shale  and  a  harder  shale  that  breaks 
into  thin  flakes;  calcareous  lentils  20  to  50  feet  apart 350 

Flaky  bluish-white  shale  and  softer  pink  blocky  shale,  with 
interbedded  calcareous  lentils  20  to  40  feet  apart.  A  pit 
at  the  top  of  this  shale  exposes  a  3-inch  vein  of  selenite 
in  the  shale;  the  prismatic  crystals  are  perpendicular  to 
tho  sides  of  the  vein,  which  In  turn  is  parallel  to  the  bed- 
ding. Several  other  veins  of  selenite  in  the  next  100  feet 
of  overlying  shale 775 
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Soft  pink  blocky  shale,  which  together  with  all  overlying 

beds  Is  more  or  less  diatomaccous ;  it  forms  the  base  of  FeeL 

the  upper  shale  division 175 

Gray  clastic  shale;  weathers  yellow  to  pink  and  contains  in- 
tertKxided  layers  of  hard  white  platy  shale,  which  cause 
the  beds  of  this  zone  to  weather  to  ridges ;  yellow  calcareous 

beds  are  numerous 050 

Gray  clastic  sbnle;  weathers  to  bluish  white  and  purplish 
brown  and  breaks  into  small  crumbly  framnents;  no  cal- 
careous l)eds 400 

Soft  bniwnish,  purple-weathering  clastic  shale ;  contains  few 

calcareous  lentils 450 

Hard  shale  zone,  comprising  hard  white  platy  shale  and  cal- 
careous shale,  interl)eilded  with  softer  clay  shale 300 

Soft  yellow  clay  soil,  probably  derived  from  clastic  shale 225 

Hard  brown  and  white  sandstone  (upper  reef) 20 

Fine  white  shaly  sandstone 00 

Hard  sandstone 10 

Shale _' a^ 

Hard  brown  sandstone 10 

Brown-weathering  clastic  shale 100 

White  sandstone,  fairly  resistant  reef 30 

Soft  purple  clastic  shale 45 

Hard  white  resistant  sandstone ;  main  reef  bed 175 

Shaly  bcils  comprising  purple  clastic  and  slightly  diato- 
maccous shale  and  soft  shaly  sandstone 300 

Hard  calcareous  fosslllferous  reef 5 

Purple  clastic  shale 60 

Soft  brown  sandstone  and  sandy  shale,  containing  a  few 

thin  beds  of  hard  sandstone 130 

8,920 

In  the  reef -bed  zone  the  lower  of  the  two  reefs  is  by  far  the  most 
prominent  bed.  It  roaches  a  maximum  thickness  of  250  to  300  feet 
and  consists  almost  entirely  of  hard  pray  calcareous  sandstone,  in 
which  fossil  fragments  are  common.  Below  this  reef  are  much 
thinner,  less  prominent  reefs,  each  of  which  is  traceable  for  only  a 
short  distance.  The  basal  beds  carry  abundant  well-preserved  fos- 
sils, and  a  large  fauna  could  undoubtedly  be  obtained  from  these 
bods  by  persistent  collecting,  especially  in  the  vicinity  of  Carneros 
Springs  and  farther  north,  near  Agua  Media  Creek. 

The  unconformity  l>etween  the  Miocene  and  the  underlying  Tejon 
is  very  striking  in  this  area.  Northwestward  from  the  saddle  in  the 
northwest  corner  of  sec.  15,  T.  29  S.,  R.  20  E.,  the  Tejon  is  seen  to 
be  overturned.  It  dips  7()°-90°  SW.,  but  the  dip  changes  abruptly 
to  northeast  at  the  base  of  the  Miocene.  Along  the  contact  the  Mio- 
cene rests  on  different  phases  of  the  Tejon,  at  one  place  massive 
sandstone  and  at  other  sandy  shale  and  nodular  sandstone. 


n 


OEOLOOT.  21 


CARNEBOS    CBEFK    TO   DEVILWATER  CBEEK. 


Within  the  area  between  Cameros  Creek  and  Devilwater  Creek 
there  are  three  main  reef  zones  besides  a  less  prominent  basal  sand- 
stone. The  sandstone  zones  range  from  50  to  300  feet  in  thickness, 
but  the  most  prominent  part  of  each  reef  is  thinner,  usually  not  over 
25  to  50  feet  in  thickness.  The  reefs  form  long,  narrow,  dark  ridges 
with  broad  slopes  along  the  dip  from  which  the  overlying  softer 
shale  has  been  stripped  by  erosion.  Their  appearance  is  particularly 
striking  near  the  mouth  of  Santos  Creek,  where  because  of  some 
minor  folding  and  faulting  they  form  a  veritable  maze.  The  reef 
beds  are  separated  by  sandy  shale  and  clay  shale,  the  latter  generally 
dark  gray  when  fresh  and  weathering  to  purplish  brown  or  dark  II 
yellow.  Above  the  reef  zone  lie  beds  ofdark^lay  shalej  including  (^ 
a  few  hard  yellow  calcareous  lenticular  beds,  and  above  this  dark 
shale  comes  the  white  shale  division.  Within  the  clay  shale  there  is 
a  zone  of  hard  yellow  platy  shale,  which  lies  from  100  to  500  feet 
above  the  upper  reef  and  is  150  to  250  feet  thick.  Near  Cameros 
Creek  this  zone  is  not  very  prominent  and  is  represented  by  a  20- foot 
bed  of  hard  calcareous  shale,  but  to  the  north  this  shale  becomes 
thicker  and  more  resistant,  and  near  Devilwater  Creek  it  outcrops 
even  more  prominently  than  the  sandstone  reef  beds  themselves. 

The  separation  between  the  white  diatomaceous  shale  and  the  im- 
derlying  clay  shale  is  much  more  distinct  near  the  mouth  of  Agua 
Media  Creek  than  in  the  area  southeast  of  Cameros  Creek.  The  up- 
per shale  is  nearly  white  and  mostly  hard  and  cherty,  breaking  into 
small  angular  blocks,  some  of  which  are  sufficiently  silicified  to  have 
a  resinous  luster.  The  greater  silicification  of  this  shale  as  compared 
to  that  in  the  section  along  Chico  Martinez  Creek  is  probably  due  to 
the  greater  amount  of  folding  and  crushing  to  which  it  has  been 
subjected.  The  upper  shale  in  the  small  area  in  sec.  13,  T.  28  S., 
R.  19  E.,  on  the  northeast  side  of  the  syncline  is  less  disturbed  and 
also  softer  and  more  porous. 

DEVILWATER   CREEK   TO   BITTERWATER   VALLEY.  ^) 

Northward  from  Devilwater  Creek  the  upper  reef  beds  become 
much  less  prominent  and  grade  into  sandy  shale.  The  hard  cherty 
zone  which  overlies  the  upper  reef  becomes  much  more  prominent 
than  it  is  farther  south,  and  a  zone  of  shaly  sandstone  appears  above 
the  cherty  zone. 

This  lack  of  prominent  reef  beds  is  particularly  noticeable  in  the     y    • 
McDonald  anticline,  in  which  only  the  basal  50  feet  of  the  Miocene      . 
weathers  out  prominently.    This  lower  bed  is  made  up  of  calcareous  <^ 
fossiliferous  reefs,  each  only  a  few  feet  thick,  separated  by  shaly^  \   .  ^ 
sandstone.    Where  the  Yaqueros  swings  around  the  axis  of  the  anti-      ^ 
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cline  in  sec.  31,  T.  27  S.,  R.  19  E.,  the[j3fiSftlJ2eds  contain,  besides 
many  large  oysters  and  other  Vagu^rc^  fossils^  a  number  of  hard 
round  concretlSns  from  the  ull3"erlying  Tejon,  which  are  fairly 
(  honeycombed  with  holes  made  by  boring  moUusks.  [Above  the  hard 
'^  I  sandstone  lie  about  150  feet  of  softer  yellow  sandstone,  with  some 
interbedded  clay  shalej  and  these  two  sandstones  make  up  the  sand- 
stone zone  as  mapped./  From  the  head  of, Devilwater  Creek  north- 
westward a  basal  zone  500  to  600  feet  thick  has  been  mapped  as 
sandstone.  A  hard  sandstone  reef  from  25  to  100  feet  thick,  a  con- 
tinuation of  the  lower  reef  in  the  area  to  the  southeast,  forms  the 
top  of  this  lower  sandstone  phase.  Below  the  reef  lies  brown- 
weathering  clay  shale,  with  which  a  few  reef  beds  5  to  20  feet  thick 
are  interbedded.  The  following  two  sections  give  an  idea  of  these 
lower  beds : 

Section  in  northetMtem  part  of  aec,  S4,  T.  Tt  fif.,  H.  t%  E. 

Feet 

^A'U'x-  ^     Hard  brown  calcareous  sandstone 20 

(    .  ^  ^    Soft  brown  sandy  shale  and  sandstone,  with  a  few  thin  reef 

-_  sandstone  beds 400 

^c  ,^   Massive  white  quartzose  sandstone,  in  part  calcareous 100 

Unconformity. 
Cretaceous  shale. 

Section  on  east  9ide  of  mouth  of  Cedar  Canyon. 

Feet 
Hard   brown    fossiliferous   reef,   composed    of    calcareous 

sandstone 10 

Soft  brown  sandy  shale 150 

Hard  brown  reef,  composed  of  calcareous  sandstone,  with 

fossils 20 

Soft  brown  clay  shale,  containing  a  few  thin  beds  of  sand- 
stone    y. 350 

Brown  sandstone  __^JWifc^-VS_^?z_L 20 

'  Unconformity.  ^   '^ 

Massive  yellow  TeJon  sandstone.  ^   ^^;  ^ 

Above  the  lower  sandy  zone  lies  from  1,000  to  1,200  feet  of  clay 
shale,  in  which  lenticular  concretionary  beds  of  yellow  calcareous 
shale  from  6  inches  to  2  feet  thick  are  numerous.  These  beds  are  well 
exposed  in  the  southeast  flank  of  the  syncline  in  the  Miocene  beds. 
Above  the  clay  shale  zone  comes  300  to  350  feet  of  hard  platy  shale, 
which  forms  a  series  of  prominent  knobs,  trending  northwestward 
from  the  2,923-foot  hill  in  sec.  7,  T.  28  S.,  R.  19  E.  By  means  * 
of  this  hard-shale  zone  on  the  two  sides  of  the  closely  appressed 
syncline  this  fold  may  be  traced  for  2  miles  south  of  Bitterwater 
Valley,  but  farther  south  the  hard  shale  does  not  form  sufficiently 
prominent  outcrops  to  be  traceable  along  the  east  flank  of  the  syn- 
cline. The  resistance  of  this  shale  to  ,erosion  is  due  to  the  pres- 
ence of  beds  1  inch  to  3  inches  thick  composed  of  light-yellow  hard 
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platy  porcelaneous  shale  interbedded  with  an  equal  amount  of 
softer  clay  shale.    Northeast  of  the  McDonald  anticline  this  hard 
shale  is  somewhat  different  in  character.    It  becomes  in  this  area 
a  more  uniform  hard  white  shale,  which  breaks  into  small  blocky^ 
fragments  whose  surfaces  have  a  resinous  luster.    Above  the  hard  ^  *  Sw 
shale  lies  a  zone  of  soft  brown  sandy  shale  that  contains  some^     '.."Tj^ 
shaly  sandstone.    Ihi&  sandy  shale  forms  a  well-defined  belt  of  low    1 
topography  in,  tbg_  hills  south  9f  the  mouth  of  Bitterwater  Valley,    \    K 
"^^^  tihfl  ^^a*'  of  the  syncline  for  aSout  2  miles  south  of  Bitterwater     \ 
Valley  is  formed  by  these  beds.  Ji  Above  the  sandy  zone  lies  the 
white  shale  division,  which  is  well  exposed  on  the  northeast  flank 
of  the  McDonald  anticline,  where  much  of  the  material  is  soft 
and  porous,  like  the  upper  part  of  the  shale  in  the  section  on  Chico 
Martinez  Creek.    The  white  shale  also  outcrops  in  the  axis  of  the 
syncline  in  the  high  hills  southwest  of  McDonald  ranch. 

BITTERWATEB   VALLEY    NOBTHWABD  TO   HEAD  OF   ANTELOPE   VAIXET. 

The  structure  in  the  area  north  of  Bitterwater  Valley  is  considerably 
more  complicated  than  that  farther  south,  and  for  this  reason  it  is 
somewhat  difficult  to  determine  the  stratigraphic  relations  between 
adjacent  beds.  There  is  also  a  puzzling  divergence  in  character 
between  the  beds  along  the  northward  continuation  of  the  McDonald 
anticline  and  those  to  the  northeast,  in  the  outer  hills.  This  differ- 
ence in  lithologic  character  appears  to  be  particularly  striking  on  a 
first  examination.  The  Miocene  beds,  which  rest  on  the  Cretaceous 
on  both  sides  of  the  valley  southeast  of  Raven  Pass,  consist  in  large 
part  of  a  nearly  white  blocky  diatomaceous  shale,  in  which  very 
little  sandstone  or  clay  shale  is  noticeable,  except  in  the  basal  sandy 
zone,  which  is  probably  not  more  than  500  feet  thick.  In  contrast 
to  this  succession  of  beds  is  that  which  lies  between  the  McDonald 
anticline  and  the  syncline  to  the  east,  where  the  1,500  to  2,000  feet 
of  beds  that  are  exposed  along  the  axis  of  the  anticline  include 
purple  clay  shale,  alternating  with  hard  calcareous  reef-forming  ' 
sandstone  beds  and  softer  brown  shaly  sandstone,  and  above  the 
lower  reef-bed  zone  a  zone  of  purple  clay  shale,  containing  yellow 
calcareous  lentils,  at  least  1,000  feet  thick  and  considerably  thicker 
if  the  section  along  the  ridge  north  of  Bitterwater  Valley  on  the 
east  side  of  the  McDonald  anticline  is  not  duplicated  by  faulting  or 
folding.  This  discrepancy  in  lithology  led  Arnold  and  Johnson  to 
believe  that  there  is  an  upper  white  shale  (Santa  Margarita  (?) 
formation)  which  overlaps  the  lower  shale  and  sandstone  ("  Monte- 
rey "  and  Vaqueros). 

After  a  careful  examination  the  writer  came  to  the  conclusion  that 
the  basal  beds  in  both  areas  were  deposited  at  approximately  the  same 
time,  even  though  they  differ  muc^  'ter.    The  tendency  of 
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the  beds  farther  east  to  be  whiter  and  more  diatomaceous  is  also 
notable  on  the  two  flanks  of  the  McDonald  anticline  south  of  Bitter- 
water  Valley.  The  sandy  beds,  which  overlie  clay  shale  as  exposed 
near  Packwoods,  do  not  differ  greatly  from  the  beds  near  the  head  of 
Devilwater  Creek,  where  many  prominent  sandstone  reefs  are  present 
in  the  lower  1,500  feet.  The  same  succession  of  sandstone  and  soft  and 
hard  shale  is  present  in  the  Shale  Hills  as  in  the  area  south  of  the  mouth 
of  Bitterwater  Val^^J*  I  The  lower  500  feet  of  beds^  the  Shale  Hills 

^  consist  chiefly  of  sandstone,  though  they  do  not  weather  to  prominent 
outcrops,  and  fragments  of  shale  derived  from  the  interbedded  hard 
shale  give  the  soil  a  shaly  appearance.  Locally  the  sandstone  is 
indurated  and  forms  small  buttes  of  a  hard  calcareous  sandstone. 
Hard  sandstone  of  this  type  was  noted  at  Shale  Point,  near  the  east 
line  of  the  SE.  J  sec.  1,  T.  27  S.,  R.  18  E. ;  about  1,500  feet  south  of  the 
northwest  corner  of  sec.  12,  T.  27  S.,  R.  18  E. ;  and  about  1.000  feet 
west  of  the  Twisselman  ranch  buildings  in  sec.  14,  T.  27  S.,  R.  18  E. 
In  each  of  these  localities  the  hard  sandstone  is  traceable  into  soft 
sandstone  that  weathers  less  conspicuously,  the  local  prominence 
being  due  entirely  to  an  exceptional  amount  of  induration.  Above  the 
basal  zone  of  sandstone  is  a  medium-indurated  white  diatomaceous 
and  clayey  shale,  which  ranges  from  200  to  600  feet  in  thickness. 

i  The  shale  weathers  to  blocky  and  hackly  prismatic  fragments  and 
contains  interbedded  buff  calcareous  shale  lentils.  This  zone  cor- 
responds  to  the  purple  clay  shale  zone  elsewhere  and  is  overlain  by 
hard  white  diatomaceous  shale  and  sandy  shale.  Thus  the  same  suc- 
cession is  present  in  the  ^ale  Hills  as  elsewhere,  though  the  beds  as 
a  whole  are  much  lighter  in  color  and  more  diatomaceous. 

Another  example  of  extreme  lithologic  variation  within  a  short 
distance  is  the  change  in  character  of  the  Vaqueros  formation  and 
Maricopa  shale  between  the  hills  east  of  Barril  Valley  and  the 
syncline  which  trends  northwest  across  sec.  8,  T.  26  S.,  R.  17  E.  The 
character  of  this  change  is  illustrated  by  the  following  section  and 
by  No.  8  of  the  graphic  sections  on  Plate  II : 

Section  of  Vaqueros  sandstone,  measured  across  sec,  6,  T,  2£  S.,  R,  17  E,,  near 

head  of  Antelope  Valley. 
Top  of  section.  Feet. 

Buff-weathering  quartzose  sandstone  containing  reef-like  beds 

5.  to  20  feet  thick 100 

Soft  shaly  sandstone  and  sandy  shale;  weathers  to  yellow 
loam 1, 400 

Quartzose  buff -weathering  sandstone,  alternating  hard  and 
soft,  the  hard  beds  locally  forming  extremely  rugged  reef 
outcrops ;  contains  Turritella  ocoyana  at  base 1, 800 

Shale  and  sandstone,  the  shale  largely  derived  from  Creta- 
ceous material 900 

Base  of  section. 

3,000 
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The  lower  1,575  feet  of  beds  in  the  area  east  of  Barril  Valley  cor- 
responds to  the  lower  2,100  feet  of  mostly  massive  quartzose  sandstone 
in  see.  6.  The  next  1,226  feet  of  prevailingly  shaly  beds  in  the 
area  east  of  Barril  Valley  corresponds  to- the  1,500  feet  of  sandstone 
and  sandy  shale  in  sec.  6.  Thus,  in  a  distance  of  only  a  few  miles 
a  succession  of  shales  that  contain  a  small  amount  of  sandstone 
changes  to  massive  coarse  sandstone  and  shaly  sandstone.  Above  the 
3,600  feet  of  sandy  beds  in  the  syncline  lies  pink  diatomaceous  shale, 
which  corresponds  with  the  upper  white  shale  division  in  the  hills 
that  flank  the  San  Joaquin  Valley. 

NOBTH  SIDE  OF  ANTELOPE  VALLEY. 

The  mapping  of  the  north  side  of  Antelope  Valley  is  almost  en- 
tirely copied  from  Arnold  and  Johnson,  though  with  some  modifica- 
tions. According  to  their  mapping,  the  post-Tejon  formations 
include  Oligocene  (?),  undifferentiated  Miocene,  Vaqueros,  and 
Santa  Margarita  (?)  formations.  These  beds  are  shown  in  this 
bulletin  (PL  I)  as  Oligocene  (?)  and  sandstone  and  shale  phases  of 
the  imdifferentiated  Vaqueros  sandstone  and  Maricopa  shale.  The 
undifferentiated  Miocene  mapped  by  Arnold  and  Johnson  is  included 
with  the  overlying  Vaqueros  and  Maricopa  shale. 

According  to  Arnold  and  Johnson,  the  Vaqueros  consists  of  15 
to  150  feet  of  calcareous  sandstone,  much  of  which  is  fossiliferous. 
It  is  overlain  by  pink  and  white,  more  or  less  diatomaceous  shale  in 
which  there  is  very  little  interbedded  sandstone  or  sandy  shale.  The 
underlying  undifferentiated  Miocene  is  not  described  by  them. 

BAITBBTOKE  BIKES. 

Dikes  of  sandstone  were  noted  in  the  shale  at  two  places.  A  sand- 
stone dike  100  feet  wide  and  several  hundred  feet  long  trends  north- 
eastward across  the  top  of  the  hill  just  east  of  the  center  of  sec.  5, 
T.  27  S.,  R.  18  E.,  cutting  the  shale  nearly  at  right  angles  to  the 
bedding.  The  dike  consists  of  a  hard,  somewhat  conglomeratic  sand- 
stone and  is  irregularly  stained  along  the  joint  planes.  Three  small 
parallel  dikes  traverse  the  west  slope  of  the  prominent  ridge  near  the 
south  line  of  sec.  3,  T.  29  S.,  R.  20  E.,  on  the  north  side  of  Chico 
Martinez  Creek.  The  sand  that  formed  the  sandstone  in  the  dikes  is 
supposed  to  have  been  squeezed  into  its  present  position  along 
faults  in  the  shale  while  it  was  still  in  a  plastic  condition. 

Another  peculiar  effect  of  pressure  is  shown  in  the  area  that  lies 
northwest  across  Cameros  Creek  from  the  prominent  hill  in  the 
NE.  i  sec.  31,  T.  28  S.,  R.  20  E.  In  this  locality  a  hard  sandstone 
reef,  which  dips  80°  NE.,  is  exposed  in  the  middle  of  a  succession  of 
clay  shale  beds  which  dip  only  20**.    This  hard  bed  resemb^ 
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sandstone  dikes  in  that  its  sides  are  not  parallel  to  the  bedding  in  the 
adjacent  shaly  beds.  This  sandstone,  however,  shows  bedding  and 
was  evidently  forced  up  through  the  shales  as  a  rigid  mass  during  the 
folding  of  the  beds. 

HSLATZOK  TO  PETBOLBVX. 

The  oil  found  in  the  fields  along  the  edge  of  San  Joaquin  Valley 
south  of  Coalinga  is  believed  to  have  had  its  origin  in  the  diatoma- 
ceous  shale  of  the  Vaqueros  and  Maricopa  formations,  the  wells 
getting  their  supply  of  petroleum  from  the  overlying  sandy  beds 
and  also  from  sandstone  lenses  in  the  shale.  It  is  therefore  neces- 
sary to  determine  whether  the  shale  underlies  an  area  to  be  pros- 
pected and  at  what  depth  it  would  be  reached  in  drilling.  Its  recog- 
nition in  well  logs  as  brown  or  gray  shale  gives  a  useful  datum  for 
the  correlation  of  strata  between  wells,  though  because  of  the  un- 
conformity at  the  base  of  the  overlying  beds  the  sands  within  the 
shale  may  not  be  parallel  to  its  plane  of  contact  with  the  overlying 
(McKittrick)  formation. 

M^KITTRICK  FORMATION  (UPPER  MIOCENE,  PLIOCBNE,  AND 

PLEISTOCENE  ?) . 

Overlying  the  Maricopa  shale  is  a  formation  of  marine  and  fresh- 
water sand,  clay,  and  gravel  to  which  the  name  McKittrick  forma- 
tion was  applied  by  Arnold  and  Johnson.  These  beds  largely  repre- 
sent the  time  equivalent  of  the  Paso  Robles  ("Tulare")  forma- 
tion of  the  Coalinga  area  but  include  some  marine  beds  toward  the 
base  that  are  probably  equivalent  to  part  of  the  Etchegoin  formation. 
These  beds  of  Etchegoin  age  crop  out  only  in  a  very  small  area 
and  were  mapped  with  the  overlying  beds  of  Paso  Robles  age, 
though,  as  shown  by  Gester,  there  is  an  unconformity  between  the 
Etchegoin  and  Paso  Robles  beds  in  the  region  immediately  adjacent 
to  the  southeast.^'  The  relation  of  the  Etchegoin  to  the  Paso  Robles 
is  of  considerable  significance  in  determining  the  likelihood  of  obtain- 
ing oil  in  this  region,  as  most  of  the  oil  in  the  developed  fields  to  the 
south  is  produced  from  the  Etchegoin  formation.  The  beds  described 
in  this  bulletin  as  McKittrick  are  assumed  to  be  of  Paso  Robles  age 
unless  it  is  specifically  stated  otherwise. 

The  almost  entire  absence  of  rocks  of  Jacalitos  and  Etchegoin 
age  from  the  surface  within  this  region  and  their  comparative 
thinness  where  they  are  penetrated  in  drilling  are  significant.  In 
the  Lost  Hills  and  Belridge  fields  beds  carrying  marine  fossils  of 
probable  Etchegoin  age  are  penetrated  in  the  wells,  but  their  com- 
parative thinness  allows  the  oil  sands,  which  lie  directly  above  the 

*s  GeHter.  G.  C.  Geology  of  a  portion  of  the  McKittrick  district :  California  Acad.  Sd. 
Proc,  4th  ser.,  vol.  7,  No.  4,  1917. 
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Maricopa  shale,  to  be  reached  at  a  relatively  shallow  depth.  If  the 
same  stratigraphic  thickness  of  Jacalitos  and  Etchegoin  rocks  were 
present  in  these  fields  as  is  found  in  Kettleman  Hills  the  oil  sands 
would  lie  at  an  unattainable  depth.  Before  any  drilling  was  done 
the  failure  to  recognize  that  the  stratigraphic  succession  in  these 
fields  might  be  the  same  as  that  exposed  in  Gould  Hill,  rather  than 
like  that  in  Kettleman  Hills,  led  geologists  to  regard  the  Lost  Hills 
as  probably  very  deep  territory.  The  Etchegoin  is  likewise  thin  in 
the  North  Belridge  field  and  is  apparently  not  developed  to  anything 
like  its  maximum  thickness  anywhere  in  this  region.  Its  presence 
beneath  the  outcropping  Paso  Bobles  beds  adds  uncertainty  to  pre- 
dictions of  drilling  depths  in  untested  areas,  as  its  thinness  is  prob- 
ably due  in  part  at  least  to  erosion  in  pre-Paso  Bobles  time,  and  the 
amount  of  erosion  may  have  been  entirely  different  at  points  com- 
paratively close  together.  The  unconformity  must  also  be  consid- 
ered in  comparing  the  structure  in  the  Paso  Bobles  at  the  surface  with 
the  structure  in  the  oil  sands  as  determined  by  a  study  of  well  logs. 

The  separation  of  the  McKittrick  formation  and  the  overlying  ter- 
race beds  is  in  many  places  difficult  because  of  the  lithologic  similarity 
between  the  two,  particularly  in  areas  like  the  Antelope  Hills,  where 
outcrops  are  poor  and  the  character  of  the  soil  is  about  the  only  evidence 
available.  In  sec.  29,  T.  29  S.,  B.  21  E.,  an  unconformity  is  present  be- 
tween some  flat-lying  gravel  and  boulder  beds  which  cap  several 
hilltops  and  the  underlying  McKittrick,  and  an  unconformity  is 
probably  present  in  most  places  between  the  McKittrick  and  the 
terrace  deposits. 

The  lithologic  character  of  the  McKittrick  formation  is  well  shown 
in  the  hills  of  the  McKittrick  Front,  on  the  northeast  side  of  Mc- 
Kittrick Valley,  though  the  numerous  small  folds  make  it  impossible 
to  establish  the  sequence  of  beds  for  any  considerable  stratigraphic 
thickness.  The  formation  as  a  whole  is  soft  and  contains  gray  clay 
shale,  sandy  clay,  fine  and  coarse  white,  yellow,  and  brown  sandstone, 
and  shale  pebble  conglomerate.  Locally  a  hard  white  limestone  bed 
occurs  in  the  clays,  and  a  few  of  the  thinner  sandstones  are  fairly 
well  indurated.  Of  the  lithologic  types  present  the  soft  gray  sandy 
shale  and  the  fine-grained  shaly  sandstones  are  the  most  abundant 
and  form  over  80  per  cent  of  the  total  thickness  of  beds  exposed.  At 
a  number  of  places  the  outcropping  sands  are  richly  impregnated  with 
oil.  The  oil  is  confined  to  the  coarser  beds,  and  two  oil  sands  may  be 
separated  by  a  parting  of  shale  in  which  there  is  no  evidence  of  oil. 

From  Eraser  Spring  northward  to  Temblor  Valley  the  McKittrick 
is  poorly  exposed  and  its  separation  from  the  terrace  gravels  is  diffi- 
cult. A  line  of  springs  occurs  along  its  contact  with  the  Maricopa 
shale  in  sec.  33,  T.  29  S.,  B.  21  E.,  and  this' contact,  which  is  not  well 
exposed,  may  possibly  be  a  fault. 
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In  Gould  Hill  and  to  the  northwest  the  exposures  of  the  McKit- 
trick  are  fair,  especially  its  basal  beds,  but  the  structure  is  compli- 
cated by  small  folds  that  make  it  difficult  to  measure  more  than  frag- 
mentary sections.  The  basal  McKittrick  is  well  exposed  in  a  small 
gulch  that  trends  northward  across  the  eastern  part  of  the  area  of 
Maricopa  shale  in  sec.  7,  T.  29  S.,  R.  21  E.  The  basal  bed  is  a  mas- 
sive fossiliferous  conglomerate  that  contains  shale  pebbles  in  a  hard 
white  limy  matrix.  This  bed  is  about  10  feet  thick  and  is  overlain 
by  30  to  40  feet  of  soft  white  and  pink  sands  and  shaly  sand.  Above 
these  beds  lie  beds  of  brown  and  gray  clays  and  sands.  Just  at  the 
edge  of  the  valley  a  bed  of  shale-pebble  conglomerate,  considerably 
silicified,  forms  the  crest  of  several  small  hills.  The  basal  bed  in 
this  section  is  probably  of  Etchegoin  age.  The  McKittrick  is  also  well 
exposed  on  the  west  side  of  the  small  hill  in  the  SE.  J  sec.  2,  T.  29  S., 
R.  20  E.,  just  south  of  Chico  Martinez  Creek.  The  basal  50  feet  at 
this  place  consists  of  a  light-gray  porous  gravel  l>ed  made  up  of 
rounded  pebbles  a  quarter  of  an  inch  to  2  inches  in  diameter,  of 
quartzite,  slate,  and  white  shale  and  a  very  few  of  granite.  This 
gravel  bed  is  overlain  by  soft  white  poorly  bedded  shale  in  which  aro 
scattered  fragments  of  yellow  calcareous  shale.  All  this  reworked 
material  has  been  derived  from  the  Maricopa  shale,  and  this  phase 
of  the  McKittrick  presents  nearly  the  same  appearance  as  poor  out- 
crops of  the  shale.  One  point  of  difference  is  that  on  a  soil-covered 
slope  underlain  by  the  Maricopa  shale  the  calcareous  fragments  tend 
to  be  most  numerous  along  lines  parallel  to  the  beds  from  which  they 
were  derived,  whereas  in  the  McKittrick  they  are  scattered  at  ran- 
dom over  the  surface.  The  same  succession  is  traceable  northward  to 
sec.  84,  where  the  hill  in  the  south-central  part  of  the  section  is 
formed  of  reworked  diatomaceous  shale,  and  the  lower  beds,  which 
dip-20°,  as  recorded  on  the  map,  are  shale-pebble  conglomerate. 

The  low  hills  tliat  lie  mostly  in  sec.  27  furnish  some  of  the  best 
outcrops  of  the  McKittrick.  The  dip  is  30°-40°  NE.,  and  more  than 
1,500  feet  of  beds  are  exposed.  Most  of  the  beds  are  white  clay  shale, 
largely  made  up  of  reworked  material  from  the  Maricopa  shale,  and 
^  these  betls  give  the  hills  a  whiter  appearance  than  the  surrounding 
'  areas  of  terrace  material.  On  the  southwest  slope  of  the  ridge  there 
are  several  limy  sandstone  beds,  which  contain  marine  (upper  Etche- 
goin?) fossils.  Several  hundred  feet  farther  east,  at  the  point  where 
the  dip  of  40°  is  recorded  on  the  map,  there  is  a  conglomerate  5  feet 
thick  composed  of  well-rounded  granitic  boulders  in  a  matrix  of 
pure  wliite  (juartzose  sand.  Above  this  conglomerate  lie  soft  gray 
and  white  clayey  and  shaly  beds,  most  of  which  do  not  furnish  good 
outcro])S. 

In  botli  Antelope  Hills  and  Lost  Hills  the  McKittrick  formation 
reaches  the  surface,  but  over  most  of  the  area  it  is  difficult  to  deter- 
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mine  whether  the  brown  pebbly  soil  is  derived  from  the  McKittrick 
or  from  an  overlying  terrace  formation.  In  the  Antelope  Hills  most 
of  the  surface  soil  is  probably  derived  from  terrace  gravels,  but  a 
fine  powdery  white  sand,  which  is  exposed  in  a  pit  on  the  Belridge 
property,  in  sec.  35,  apparently  belongs  to  the  McKittrick  forma- 
tion. At  the  Belridge  camp,  in  the  southeastern  part  of  sec.  35, 
one  of  the  houses  is  built  on  a  small  mound  composed  of  a  brown  and 
white  speckled  sandstone,  which  belongs  either  to  the  McKittrick  or 
more  probably  to  the  terrace  gravels.  The  white  specks  in  the  sand 
are  hard  bits  of  diatomaceous  shale.  Sandstone  of  the  same  char- 
acter caps  the  terrace  deposits  which  form  the  low  hills  in  sec. 
21,  T.  28  S.,  R.  29  E.,  a  few  miles  to  the  southwest. 

Gray  shale  of  the  McKittrick  is  exposed  at  a  number  of  points  in 
the  northern  part  of  the  Lost  Hills,  where  small  cuts  have  been  made. 
Terrace  gravels  also  form  the  surface  over  part  of  the  hills,  and  at 
most  points  it  is  impossible  to  tell  whether  the  surface  soil  is  derived 
from  underlying  McKittrick  beds  or  from  the  terrace  formation. 
Locally  the  surface  material  has  been  hardened  by  a  superficial  de- 
posit  of  gypsum,  and  care  must  be  exercised  not  to  mistake  this  ma- 
terial  for  the  McKittrick. 

qitaVern'ary  sand  and  gravel. 

At  the  end  of  the  period  of  deposition  of  the  McKittrick  formation 
and  during  the  later  part  of  that  period,  there  was  a  general  folding 
and  uplift  of  the  rocks  of  this  region,  and  thereafter  the  history  of 
the  Coast  Ranges  is  one  of  erosion  rather  than  of  deposition,  so  that 
Quaternary  deposits  are  comparatively  thin  and  insignificant  within 
the  area  of  the  recent  mountains.  The  San  Joaquin  Valley,  on  the 
other  hand,  is  supposed  to  be  a  geosyncline  and  to  have  been  the  site 
of  deposition  of  a  large  quantity  of  Quaternary  gravels.  Both  the 
Sierra  Nevada  and  the  Coast  Ranges  were  uplifted  near  the  beginning 
of  Quaternary  time,  and  together  they  are  supposed  to  have  furnished 
the  material  for  a  Quaternary  formation  which  has  been  estimated  to 
have  a  thickness  in  the  center  of  the  valley  of  several  thousand  feet, 
some  estimates  being  as  high  as  10,000  feet.  Any  such  thickness  of 
Quaternary  deposits  would  put  the  oil-bearing  beds  entirely  out  oii 
reach  of  the  drill.  Despite  this  supposed  thickness  in  the  center  of  the  ^ 
valley,  the  Quaternary  gravels  are  only  a  few  feet  thick  in  the  Lost 
Hills,  which  are  topographically  rather  far  out  in  the  valley.  These 
hills,  however,  might  be  regarded  as  a  part  of  the  area  of  uplift 
rather  than  of  the  geosyncline,  but  the  writer  is  not  convinced  that 
there  may  not  be  other  areas  even  farther  out  in  the  valley  in  which 
the  thickness  of  Quaternary  gravels  is  gmall. 

At  some  time  during  the  Quaternary  period  a  surface  that  pre- 
sented less  relief  than  the  present  surface  was  established  along  the 
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valley  slope  of  the  Temblor  Range.  Gravels  were  deposited  to  a 
thickness  of  at  least  50  feet  on  this  surface,  which  now  lies  about  300 
feet  above  the  valley  level.  Only  a  very  few  patches  of  gravel  that 
occupy  isolated  hilltops  have  escaped  erosion.  Other  Quaternary 
deposits,  which  were  laid  down  when  the  level  of  the  west  side  of 
the  valley  was  slightly  higher  than  at  present,  form  the  low  hills  that 
lie  mostly  in  sees.  18,  20,  and  21,  T.  28  S.,  R.  20  E.  These  hills 
are  formed  of  soft  brown- weathering  sand  considerably  finer  grained 
than  the  valley  fill  now  being  deposited. 

STBITCTUBS. 
GENERAL   FEATURES. 

The  discussion  of  the  structure  of  this  region  may  appropriately 
be  divided  into  two  parts — first,  the  structure  of  the  Diablo  and 
Temblor  ranges,  in  which  the  Tertiary  and  older  formations  out- 
crop and  within  which  the  structure  has  been  worked  out  in  consider- 
able detail,  and  second,  that  of  the  area  covered  by  Quaternary  valley 
fill,  within  w^hich  much  of  the  structure  of  the  underlying  Tertiary 
beds  may  only  be  surmised.  Within  this  area  covered  by  the  valley 
fill,  if  anywhere,  future  prospecting  is  likely  to  disclose  the  presence 
of  new  productive  oil  pools,  and  the  structure  of  the  hills  is  chiefly 
significant  with  regard  to  the  oil  prospects  of  the  region  because  it 
furnishes  a  clue  to  the  conditions  beneath  the  valley  floor. 

The  broad,  nearly  level  surface  of  the  valley  alluvium  may  be 
regarded  much  as  if  it  were  an  extensive  lake,  concealing  the  under- 
lying Tertiary  formations  up  to  a  certain  level  of  elevation,  and  not 
as  a  line  marking  a  separation  between  two  different  types  of  struc- 
ture. Though  the  valley  is  generally  supposed  to  be  determined  by  a 
geosyncline  and  the  hills  by  uplift  in  post-McKittrick  time,  the  edge 
of  the  hills  does  not  everywhere  coincide  with  a  structural  line 
separating  two  such  major  structural  features.  During  late  Qua- 
ternary time  the  western  limit  of  the  valley  fill  has  not  marked  a 
structural  line  but  has  steadily  extended  farther  and  farther  west* 
its  location  at  any  particular  geologic  time  being  dependent  upon  the 
amount  of  deposition  of  Quaternary  gravels  which  had  taken  place. 
Thus,  early  in  the  Quaternary  period  the  Tertiary  beds  were  prob- 
ably exposed  far  out  in  the  present  valley,  and  in  the  geologic  future 
the  Quaternary  deposits  may  extend  far  up  toward  the  crest  of  the 
present  Coast  Ranges,  obscuring  much  of  the  structure  which  may 
now  be  seen.  The  Tertiary  structure,  however,  remains  approxi- 
mately unaltered,  and  the  location  of  the  western  limit  of  valley 
alluvium  depends  as  much  on  Quaternary  deposition  as  on  Tertiary 
stnicture. 
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STRUCTURE  OF  DIABLO  AND  TEMBLOR  RANGES. 

Most  of  the  smaller  structural  features  within  the  area  mapped 
are  clearly  shown  on  the  geologic  map  (PL  I)  and  need  not  be 
described  in  detail.  The  following  descriptions  are  therefore  con- 
fined to  the  larger  structural  features  and  to  those  smaller  features 
that  are  of  particular  interest  because  of  their  connection  with  the 
accumulation  of  oil  or  for  other  reasons. 

The  hilly  and  mountainous  region  between  San  Joaquin  Valley  and 
the  sea  is  known  as  the  southern  Coast  Eanges.  Individual  ranges, 
more  or  less  distinctly  separated  from  the  ranges  on  either  side  by 
intervening  wide  valleys,  may  be  recognized  within  this  region. 
These  ranges  and  valleys  had  a  structural  origin,  having  been  up- 
lifted or  depressed  to  their  present  relative  positions  at  the  end  of  the 
McKittrick  epoch.  That  is  to  say,  the  ranges  owe  their  present  topo- 
graphic elevation  to  the  uplift,  and  if  the  term  used  to  describe  an 
analogous  origin  of  features  of  drainage  may  be  applied  to  them 
they  should  be  called  consequent  ranges.  Many  of  the  component 
ridges  and  other  features  of  the  present  tojwgraphy  are  due,  how- 
ever, to  differential  erosion  acting  on  rocks  of  differing  resistance. 
Though  they  are  due  to  uplift,  it  is  hardly  correct  to  say  that  all  the 
ranges  are  anticlinal,  for  the  post-McKittrick  uplift  that  formed 
them  was  only  one  of  many  uplifts  that  affected  the  Tertiary  beds, 
and  in  some  places  the  latest  uplift  has  elevated  a  previously  formed 
syncline  or  a  block  containing  complicated  folded  and  faulted  struc- 
ture and  thus  formed  one  of  the  present  ranges.  Parts  of  two  of  these 
recently  uplifted  ranges  lie  within  the  area  mapped.  The  mountains 
north  of  Antelope  Valley  form  the  southern  terminus  of  the  Diablo 
Eange,  and  the  hills  southwest  of  Antelope  Valley  are  situated  on 
the  northeast  flank  of  the  Temblor  Range. 

The  lines  of  geologic  structure  within  these  ranges  trend  northwest 
and  are  therefore  roughly  parallel  to  the  ranges.  The  individual 
folds  within  each  range  are  not,  however,  exactly  parallel  to  it  but 
trend  more  nearly  west.  Some  of  the  individual  anticlines  have  a 
tendency  to  extend  out  into  San  Joaquin  Valley,  where  they  determine 
low,  more  or  less  completely  buried  groups  of  hills  similar  to  the 
ranges  to  the  west  but  smaller,  less  intensely  folded,  and  not  faulted 
to  any  extent.  Thus  the  Lost  Hills  anticline  and  its  northern  con- 
tinuation in  Kettleman  Hills  and  the  parallel  Kettleman  Plains  syn- 
cline form  an  eastward  repetition  of  the  structural  features  of  the 
ranges  to  the  west.  The  folding,  however,  is  less  intense,  and  the 
formations  are  younger,  indicating  a  decrease  in  intensity  of  both 
folding  and  uplift  toward  the  east.  The  smaller  original  uplift 
toward  the  east  has  been  a  considerable  factor  in  determining  the 
edge  of  the  present  valley,  though,  as  has  been  pointed  out,  it  has  not 
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been  the  only  factor,  and  the  edge  of  the  valley  does  not  everywhere 
follow  the  lines  of  this  change.  As  most  of  the  productive  oil  fields 
have  been  developed  in  the  belt  of  these  low  folds  that  parallel  the 
Coast  Eanges  on  the  east,  the  chief  aim  of  the  present  work  is  to 
determine  their  location  and  character. 

STRUCTURE    OF    THE    AREA    INCLUDED    IN    SAN    JOAQUIN    VALLEY. 

The  Quaternary  valley  fill  extends  farther  west,  relative  to  the 
structure  of  the  Tertiary  rocks,  in  the  region  around  Antelope  Valley 
than  in  the  region  to  the  north  or  south.  In  the  Coalinga  region,  to 
the  north,  the  Kettleman  Hills,  which  are  determined  by  an  anticlinal 
fold,  rise  well  above  the  level  of  the  valley.  South  of  the  Kettleman 
Hills,  however,  the  Quaternary  deposits  have  almost  completely 
buried  the  continuation  of  this  anticline  in  Lost  Hills,  as  well  as  the 
Antelope  Hills  anticline  and  the  eastward  continuation  of  the  Mc- 
Donald anticline.  In  Antelope  Valley  the  alluvium  extends  west- 
ward well  within  the  area  of  folded  and  faulted  beds  which  are 
characteristic  of  the  mountainous  parts  of  the  Coast  Kanges.  To  the 
south  of  this  area  the  low  outlying  folds  in  Elk  and  Buena  Vista 
hills  give  rise  to  hills  of  considerable  height  above  the  valley  level. 
The  location  of  the  outlying  folds  that  may  exist  is  therefore  more 
difficult  to  determine  in  the  area  here  studied  than  in  the  areas  to 
the  north  and  south,  which,  with  their  better  exposures,  may  be 
studied  as  a  guide  to  the  type  of  structure  that  is  present  within  the 
valley  and  that  may  be  expected  to  occur  within  this  area. 

KNOWN    ANTICLINES   WITHIN   THE   VALLEY   AREA. 

Only  three  main  anticlines — the  Lost  Hills,  Antelope  Hills,  and 
Belridge — are  known  to  be  present  within  the  valley  area  of  north- 
western Kern  County,  and  in  all  three  of  these  anticlines  oil  has  been 
produced.  The  drill  records  are  the  chief  evidence  of  the  existence 
of  two  of  them. 

The  presence  of  the  Lost  Hills  anticline  is  strongly  suggested  by 
the  topography,  and  besides  it  has  been  proved  to  exist  by  the  drill 
records.  The  hills  consist  of  a  ridge  that  has  a  maximum  height  of 
150  feet  and  is  about  8  miles  long  from  northwest  to  southeast  and 
about  a  mide  wide.  The  western  slope  is  very  gentle,  but  the  eastern 
slope  is  steeper  and  has  been  dissected  to  the  depth  of  a  hundred  feet 
by  the  headward  erosion  of  a  number  of  large  gullies.  The  Lost 
Hills  have  been  so  named  because,  though  easily  seen  from  the  east, 
they  appear  to  be  lost  to  one  on  the  west,  where  the  slight  eastward 
rise  is  hardly  apparent  to  the  eye.  That  the  hills  are  determined  by 
structure  is  indicated  by  their  straight  trend  and  long  and  narrow 
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form,  as  well  as  by  the  presence  toward  their  north  end  of  several 
low  parallel  ridges  that  can  hardly  be  other  than  the  topographic 
expression  of  underlying  beds  that  are  more  resistant  to  erosion  than 
the  rest.  Outcrops  are  rather  scarce,  and  in  many  places  the  char- 
acter and  attitude  of  the  beds  that  crop  out  is  difficult  of  recognition 
because  of  the  presence  of  superficial  deposits  of  gypsum.  Several 
of  the  outcrops  appear  to  belong  to  the  McKittrick  formation,  which, 
however,  is  difficult  to  distinguish  from  Quaferilary  gravels.  A  few 
dips  may  be  seen  in  the  supposed  McKittrick  formation  in  the  hills, 
but  the  measurements  of  all  of  them  are  open  to  some  question.  Such 
dips  as  were  seen  are  less  than  10°  E.,  and  no  dips  on  the  western 
flank  of  the  anticline  were  found.  This  evidence  of  itself  might  only 
indicate  a  resistant  zone  in  an  eastward-dipping  monocline.  The 
most  convincing  surface  evidence  of  the  anticlinal  character  of  the 
hills  is  their  trend,  which  is  directly  in  line  with  the  Kettleman  Hills 
anticline  distant  about  5  miles  from  their  northwest  extremity. 

The  logs  of  wells  in  the  Tx)st  Hills  field  show  a  well-marked  anti- 
clinal structure,  with  dips  of  15°  on  the  flanks  of  the  fold,  in  beds 
of  the  McKittrick  formation.  This  dip  contrasts  with  the  lower  dips 
of  the  surface  gravels  and  with  the  lower  slope  of  the  flanks  of  the 
hills  where  they  have  not  been  affected  by  recent  erosion.  Although 
several  wells  have  passed  into  the  underlying  Maricopa  shale,  the 
evidence  is  not  sufficient  to  determine  the  structure  in  the  shale, 
though  there  may  be  an  anticline  in  the  shale  that  has  considerably 
steeper  dips  than  those  in  the  overlying  McKittrick  formation.  The 
Maricopa  shale  lies  beneath  the  McKittrick  at  a  depth  beneath  the 
surface  of  only  1,000  feet  or  less,  as  contrasted  with  the  Kettleman 
Hills,  in  which,  according  to  Arnold,  there  is  a  thickness  of  over 
5,000  feet  of  the  Jacalitos  and  the  Etchegoin  formations  between  the 
Paso  Robles  and  the  Maricopa  shale.  This  shows  that  there  must 
be  a  pronounced  rise  in  the  structure  of  the  Maricopa  shale  between 
the  south  end  of  the  Kettleman  Hills  and  the  north  end  of  the  Lost 
Hills. 

The  surface  evidence  for  the  existence  of  an  anticline  in  the  Ante- 
lope Hills  is  rather  less  convincing  than  is  that  for  the  Lost  Hills. 
The  Antelope  Hills  consist  of  a  rather  low  rise  trending  from  a 
locality  southeast  of  Shale  Point  southeastward  as  far  as  the  North 
Belridge  or  Manel  Minor  oil  field.  The  hills  rise  to  a  maximum  of 
about  50  or  75  feet  above  the  valley  and  at  several  points  are  com- 
pletely traversed  by  arroyos  that  lead  eastward  from  the  mouths  of 
canyons  along  the  edge  of  the  Diablo  Range.  The  top  of  the  hills  is 
rather  flat  and  does  not  as  strongly  suggest  a  low  dome  as  does  that  of 
the  Lost  Hills.    Northwest  of  Antelope  Hills  there  is  an  anticline 
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that  is  traceable  southeastward  as  far  as  Shale  Point,  and  pre- 
sumably this  fold  continues  southeastward  beneath  the  Antelope 
Hills. 

The  logs  of  wells  drilled  in  the  North  Belridge  field  have  not  been 
studied  sufficiently  by  the  writer  to  determine  whether  they  prove 
the  existence  of  an  anticline.  However,  the  anticlinal  theory  of  the 
accumulation  of  oil  is  so  well  established  as  regards  the  California 
fields  that  the  presence  of  oil  in  this  area  is  of  itself  pretty  fair 
evidence  of  the  existence  of  an  anticline.  The  well  logs  indicate  that 
the  structure  in  the  McKittvick  formation  is  low,  and  that  the  dips 
are  less  than  10^.  The  wells  penetrate  a  considerable  distance  into 
the  Maricopa  shale,  which  is  reached  at  a  depth  of  about  700  feet, 
but  its  dip  and  structure  are  not  known. 

The  Belridge  oil  field  is  on  an  anticline,  of  which,  however,  there 
is  no  surface  evidence  such  as  outcropping  beds  or  surface  elevation* 
The  field  was  located  by  drilling  near  a  small  oil  seepage.  The  fol- 
lowing data  on  structure  in  this  field,  as  determined  from  well  logs, 
may  be  quoted  from  the  State  mining  bureau :  ^^ 

The  work  done  in  that  flehi  Bhown  that  the  shallow  oil  Ues  above  the  brown 
shale  in  a  number  of  sands  wldch  are  separated  by  blue  shales.  It  also  shows 
that  tliese  sands  and  shales  lie  unconforniably  on  the  brown  shale,  and  that  the 
contact  surface  is  roughly  anticlinal  in  form.  This  should  not  be  construed 
to  mean  that  we  have  exact  knowledge  as  to  the  dip  and  strike  of  the  individual 
beds  of  the  brown  shale,  for  we  have  not  The  overlying  sands  and  blue  shales 
form  a  broad,  flat  anticUne  over  this  irregular  ridge  of  brown  shale,  bat  only 
the  upper  sands  are  continuous. 

The  brown  shale  spoken  of  here  is  the  Maricopa  shale,  and  the 
overlying  sands  belong  to  the  McKittrick  formation.  The  much 
smaller  thickness  of  the  McKittrick  formation  in  this  field  than  that 
shown  in  a  section  from  the  hills  in  sec.  27,  T.  28  S.,  R.  20  E.,  south- 
westward  to  the  base  of  the  McKittrick,  indicates  that  there  is  a 
pronounced  anticline  beneath  the  oil  field.  In  all  probability  the  dip 
of  the  Maricopa  shale  in  this  field  is  considerably  steeper  than  the 
dip  of  the  McKittrick.  The  areal  relations  suggest  that  the  anti- 
cline on  which  this  field  is  situated  is  a  southeastward  continuation 
of  the  McDonald  anticline. 

The  North  McKittrick  Front  field  may  also  lie  on  an  anticline 
which,  like  the  Belridge  anticline,  has  no  surface  expression,  though 
the  well  logs  available  at  present  do  not  give  sufiicient  evidence  on 
which  to  base  any  conclusions  as  to  the  structure.  In  fact,  much  of 
the  trouble  caused  by  water  in  this  field  resulted  from  the  lack  of 
similarity  of  the  recorded  logs  of  the  wells,  so  that  the  structural 
conditions  could  not  be  determined,  and  thus  any  satisfactory  solu- 
tion of  the  trouble,  such  as  shutting  the  water  off  at  a  uniform 

i«  McLaughlin,  R.  P.,  California  State  Min.  Bur.  Second  Ann.  Rept..  p.  230.  1918. 
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stratigraphic  position,  could  not  be  accomplished.  This  anticline 
may  be  a  northwestward  continuation  of  the  Elk  Hills  anticline  of 
the  McKittrick  field. 


PETROLEUM    RESOURCES. 
DEVELOPED    VISLDB. 
HISTOBICAL    SKKTClt, 


The  first  productive  6eld  to  be  developed  in  this  region  vas  the 
Lost  Hills  field,  the  first  well  in  which  was  drilled  in  1910.  There- 
after the  Belridge,  Manel  Minor  (now  called  the  North  Belridge), 
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and  the  North  McKittrick  Front  fields  were  successively  developed. 
The  number  of  producing  wells  and  the  combined  production  of  the 
first  three  of  these  fields  are  shown  on  the  accompanying  chart 
(fig,  2),  together  with  the  price  of  oil.  The  figures  used  are  those 
of  the  Standard  Oil  Co.  of  California.  The  graph  of  the  total  pro- 
duction shows  four  separate  trends,  representing  four  phases  in  the 
history  of  these  fields.  The  first  period  extends  from  the  middle  of 
1911  to  the  middle  of  1913,  during  which  the  daily  production  in- 
creased from  a  few  hundred  barrels  to  about  16,000  barrels  a  day. 
Tiiis  phase  represents  the  initial  rapid  development  of  a  new  field 
(the  Lost  Hills)  and  was  accompanied  by  an  increase  to  a  total  of 
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about  125  producing  wells.  The  fall  in  the  average  daily  produc- 
tion of  each  well  from  a  maximum  of  400  barrels  a  day  during 
the  initial  stages  of  the  field  to  125  barrels  a  day,  though  rapid,  was 
not  sufScient  to  offset  the  effect  of  the  rapid  increase  in  the  number 
of  wells.  The  second  period  extends  from  the  middle  of  1913  to  the 
end  of  1915,  during  which  there  was  a  gradual  decline  in  the  total 
daily  production  of  the  fields  to  11,500  barrels  a  day.  During  the 
first  part  of  this  period  the  decline  resulted  from  the  continued  rapid 
falling  off  of  the  average  production  of  the  wells,  which  dropped  to 
60  barrels  a  day  and  which  was  not  offset  by  the  continuation  of  an 
active  drilling  campaign.  During  the  later  half  of  this  period  the 
falling  off  in  average  production  was  very  much  less,  because  the 
period  of  flush  production  had  passed,  but  the  low  price  of  oil  caused 
a  practical  stagnation  in  drilling,  and  the  result  was  a  decline  in  total 
production.  The  third  period  lasted  from  the  beginning  of  1916  till 
September,  1917,  during  which  there  was  a  gradual  increase  in  total 
production,  brought  about  by  the  high  price  of  oil,  which  stimulated 
drilling,  together  with  the  addition  of  the  Belridge  and  North  Bel- 
ridge  areas  as  productive  fields.  The  fourth  period  extends  from 
September,  1917,  to  the  present  time,  during  which  there  has  been 
a  decline  in  production  despite  the  stimulation  of  high  prices.  In 
this  period  the  field  enters  upon  its  old  age,  during  which  an  in- 
evitable decline  takes  place,  and  the  possible  effect  on  production  of 
high  prices  is  small. 
In  addition  to  the  fields  mentioned,  there  are  two  smaller  fields — 
•  the  Devils  Den  and  Temblor  Eanch  fields — ^within  the  area  in  which 
the  Tertiary  formations  outcrop.  These  fields  have  had  some  pro- 
duction, though  it  is  very  small  in  comparison  to  that  of  the  other 
fields.  The  Devils  Den  field  contains  four  or  five  wells  only  a  couple 
of  hundred  feet  in  depth,  which  get  a  barrel  or  two  of  oil  a  day 
from  shaly  beds  below  the  hard  Vaqueros  sand^^one  reef  bed.  The 
Temblor  Ranch  field  draws  its  oil  from  approximately  the  same 
horizon  and  is  also  very  shallow  territory.  However,  some  of  the 
wells  in  this  field  are  reported  to  have  produced  for  a  short  time  in 
1911,  during  the  most  productive  stage  of  the  field,  as  much  as  200 
barrels  a  day  of  oil  that  had  a  specific  gravity  of  about  15®  Baume. 
Water  in  considerable  volume  soon  made  its  appearance  in  the  wells 
and  the  production  dropped  to  a  maximum  of  10  barrels  a  day  in 
one  or  two  of  the  best  wells.  This  area  was  one  of  the  first  areas  in 
the  State  prospected  for  oil.  Wells  were  drilled  near  the  seeps  in 
this  area  during  the  early  sixties,  when  the  oil  industry  was  just 
getting  its  start  in  the  United  States.  Even  before  that  time  it  is 
reported  that  the  old  settlers  used  the  tarry  oil  from  the  seeps  to 
grease  their  wagons. 
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GEOLOGY. 

Devils  Den  field. — ^The  small  amount  of  oil  produced  in  the  Devils 
Den  field  comes  from  a  few  shallow  wells,  less  than  200  feet  deep,  in 
sec.  25,  T.  25  S.,  R.  18  E.  The  oil  comes  from  a  sandy  bed  in  the 
shale,  mapped  as  Oligocene  (?)  by  Arnold  and  Johnson,  which  lies 
just  below  the  rather  prominent  Vaqueros  reef  bed.  Possibly  where 
this  bed  lies  at  a  greater  depth  it  will  be  more  productive. 

Lost  nUls  field, — ^The  productive  territory  of  the  Lost  Hills  field 
is  now  completely  outlined,  and  sufficient  development  has  been  done 
to  determine  the  structure  with  considerable  accuracy.  Most  of  the 
oil  comes  from  the  basal  beds  of  the  McKittrick  formation,  directly 
oveylying  theMaricopa  shale,  which  is  supposed  to  have  been  the 
original  source  of  the  oil.  The  structure  is  anticlinal  an5  the  dips 
are  10°  to  15°  on  the  flanks  of  the  fold  in  the  McKittrick  formation. 
There  is  considerable  irregularity  in  the  McKittrick,  sandy  beds, 
shale,  and  clay  being  interbedded  in  lenticular  bodies  which  can  not  be 
correlated  with  certainty  in  diflFerent  parts  of  the  field.  The  oil 
comes  from  several  sands  which  extend  through  a  stratigraphic 
thickness  of  a  couple  of  hundred  feet,  stray  oil  sands  being  found 
at  diflFerent  horizons  within  this  zone,  though  two  main  sands  yield 
most  of  the  oil.  There  is  a  general  plunge  of  the  beds  to  the  south 
and  a  further  increase  in  depth  southeastward,  because  at  the  south- 
em  end  of  the  field  the  oil  sands  lie  at  a  lower  horizon  than  at  the 
northern  end  of  the  field.  Toward  the  flanks  of  the  anticline  the 
sands  seem  to  diverge  from  the  underlying  shale,  so  that  a  bed  a 
certain  distance  above  the  shale  on  the  axis  of  the  fold  will  be  far- 
ther above  the  shale  on  the  flanks  of  the  fold.  The  wells  range  in 
depth  from  300  feet  at  the  north  end  of  the  field  to  1,600  feet  at  the 
south  end,  where  the  oil  is  replaced  by  edge  water,  which  likewise 
limits  the  field  on  the  flanks  of  the  anticline. 

The  quality  of  the  oil  diflfers  according  to  the  distance  above  the 
shale,  the  lightest  oil  coming  from  the  beds  close  to  the  shale,  near 
the  axis  of  the  anticline,  and  the  heavier  oil  from  upper  beds  and 
those  farther  from  the  axis.  In  the  southern  part  of  the  field  the  oil 
ranges  from  30°  to  38°  Baum^,  whereas  farther  north  oil  from  15° 
to  30°  is  obtained  from  the  upper  sand. 

North  Belridge  field. — The  oil  in  the  North  Belridge  field  comes 
from  twojK)rizons_botti  in  the^  Maricopa  shale  and  about  1,500  feet 
apart.  The  McKittrick  is  only  about  700  feet  thick  here,  and  below 
it  is  the  Maricopa  shale.  The  upper  oil  zone  is  reached  at  a  depth  of 
about  2,500  feet  and  the  lower  at  about  4,000  feet.  Above  the  lower 
zone  lies  a  water  sand,  which  has  been  rather  troublesome  in  some  of 
the  wells.    The  well  logs  available  are  insuflftcient  to  establish  the 
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anticlinal  character  of  the  field.  The  wells  that  reach  the  lower  zone 
are  the  most  productive,  and  their  maximum  initial  capacity  is  1,000 
barrels,  whereas  the  capacity  of  those  in  the  upper  zone  is  only 
about  60  to  100  barrels  a  day. 

Belridge  field. — In  the  Belridge  field,  as  in  the  North  Belridge 
field,  the  productive  sands  lie  at  two  horizons  a  considerable  distance 
apart.  Most  of  the  oil  is  derived  from  sands  in  the  McKittrick 
formation  a  short  distance  above  the  Maricopa  shale.  These  wells 
are  from  600  to  1,000  feet  deep.  The  sands  are  lenticular  and  corre- 
lations between  wells  are  rather  difficult,  so  that  the  details  of  struc- 
ture are  imperfectly  known.  It  appears  that  there  is  a  low  anti- 
cline in  the  McKittrick  formation.  Several  water  sands  are  ap- 
parently 4nterbedded  with  the  oil  sands  and  thus  careful  mechanical 
work  in  drilling  the  wells  is  necessary.  The  lower  oil  zone,  which 
lies  in  the  Maricopa  shale,  has  been  reached  in  a  few  weUs  at  a 
depth  of  about  3,000  feet.  The  oil,  like  that  produced  elsewhere  in 
the  shale  series,  is  light  and  the  initial  production  is  good,  but  the 
wells  fall  off  rapidly  and  water  infiltration  is  troublesome. 

Temblor  Rcmch  field. — In  the  Temblor  Banch  field  the  oil  occurs 
on  the  south  flank  of  a  small  anticline  at  about  the  same  horizon  as 
in  the  Devils  Den  field.  This  horizon  is  in  the  lower  2,000  feet  of  the 
series,  as  shown  in  section  1,  Plate  I.  The  limits  of  the  field  are 
defined  for  the  known  sand,  but  lower  productive  sands  may  be 
present.  The  oil  is  viscous  and  its  gravity  is  about  15^  Bamn^. 
Only  the  crest  of  the  fold  is  productive,  and  the  dips  are  rather  steep, 
possibly  25°  to  30°  along  the  limits  of  the  field. 

PBOSPEGTIVE  ABEAS. 
AREA    OCCUPIED    BY    EXPOSED    TERTIARY    FORMATIONS. 

New  fields  may  be  discovered  either  in  the  area  in  which  the 
Tertiary  formations  of  the  Diablo  Range  outcrop  or  in  the  area 
covered  by  the  alluvium  of  the  San  Joaquin  Valley.  The  chance  of 
finding  new  fields  appears  to  be  much  better  in  the  San  Joaquin 
Valley,  even  though  in  the  other  area  the  structure  is  much  more 
perfectly  known.  In  fact,  because  the  knowledge  of  the  structure 
of  the  hills  is  fairly  complete,  it  may  be  said,  with  fair  assurance  of 
correctness,  that  there  is  little  chance  that  fields  will  be  found 
within  that  area.  The  chief  reason  for  the  lack  of  favorable  areas  to 
prospect  in  the  hills  is  that  there  are  no  large  areas  of  Maricopa 
shale  properly  folded  and  overlain  by  sufficient  cover  to  retain  any 
oil  which  may  have  been  formed  in  it.  The  only  area  of  seeming 
promise  in  the  hills  is  the  region  of  Temblor  Valley,  where  the  east- 
ward-trending anticlines  in  the  Maricopa  shale  may  contain  oil  at 
the  same  horizon  as  the  oil  found  in  the  Temblor  Banch  field.    At 
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best  any  such  fields  would  probably  be  of  small,  extent  and  small  yield. 
Another  possible  area  is  the  southeast  side  of  Temblor  Valley,  where 
the  Maricopa  shale  is  closely  folded  but  where  some  of  the  folds 
might  be  productive  like  those  in  the  old  McKittrick  field,  where 
steeply  folded  beds  on  a  sharp,  overturned  anticline  yield  the  oil. 

AREA  INCLUDED  IN  SAN  JOAQUIN  VALLET. 

General  features. — The  oil  pools  thus  far  discovered  within  the 
area  of  the  San  Joaquin  Valley  are  determined  by  anticlinal  struc- 
ture, and  the  existence  of  other  pools  is  probably  dependent  on  the 
existence  of  anticlines  other  than  those  now  productive.  The  prob- 
lem presented  is  whether  there  exist  any  other  anticlines  which  are 
favorable  for  testing,  and  if  so  to  determine  if  possible  their  loca- 
tions. There  are  no  outcrops  of  Tertiary  beds,  nor  is  there  other 
surface  evidence  to  indicate  the  presence  of  anticlines  other  than 
those  now  productive,  though  there  is  some  evidence  of  the  extension 
of  the  known  folds  beyond  the  areas  which  have  been  thoroughly 
tested.  The  following  discussion  therefore  relates  largely  to  the 
possibility  of  finding  new  productive  folds  by  drilling  more  or  less 
at  random  within  the  alluvium-covered  area  of  the  valley.  The  only 
guide  to  such  drilling  would  be  an  assumed  trend  of  folds  parallel 
to  the  other  folds  of  the  region  and  a  distance  between  the  folds 
similar  to  that  between  the  folds  in  the  areas  where  they  are  exposed 
at  the  surface  or  otherwise  proved  to  exist,  and  an  assumed  continu- 
ation of  the  known  folds  beyond  the  areas  where  their  presence  is 
already  proved. 

The  first  point  to  be  considered  is  the  likelihood  of  the  existence 
of  buried  folds.  It  is  therefore  pertinent  to  inquire  what  are  the 
surface  features  by  which  the  known  folds  are  marked,  and  what, 
if  any  of  them,  may  be  expected  to  mark  any  oihev  folds  that  may 
exist.  The  surface  evidence  of  the  presence  of  the  known  folds, 
which  incidentally  are  all  productive  of  oil,  are  topographic  rise, 
outcrops  of  Tertiary  formations  within  an  otherwise  alluvium- 
covered  area,  and  the  presence  of  oil  seeps.  In  the  following  para- 
graphs it  will  be  demonstrated  that  all  anticlines  may  not  be  marked 
by  hills.  Likewise,  the  outcrops  of  Tertiary  formations  are  not 
necessarily  present,  as  they  only  indicate  the  presence  of  a  former 
range  of  hills  composed  of  Tertiary  rocks  which  has  been  completely 
buried  as  a  topographic  feature  but  in  which  the  covering  over  the 
crest  is  so  shallow  that  the  underlying  Tertiary  beds  outcrop  in  a 
few  isolated  places.  The  presence  of  oil  seeps  is  also  obviously  de- 
pendent on  the  thickness  of  the  beds  overlying  the  oil-bearing  hori- 
zon and  their  permeability  to  the  upward-migrating  oil,  so  that  if 
the  cover  is  thick  or  especially  impervious  there  would  be  no  seeps, 
even  though  there  was  a  large  amount  of  oil  in  the  underlying  rocks. 
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In  the  writer's  view,  hills  are  not  necessarily  present  in  areas  that 
have  anticlinal  structure.  The  correspondence  between  topographic 
forms  and  the  forms  of  the  Tertiary  anticlines  is  not  as  close  as  has 
often  been  stated.  Both  the  Lost  Hills  and  the  Antelope  Hills  anti- 
clines are  marked  by  hills  as  topographic  features,  but  on  the  other 
hand  the  toiX)graphic  features  in  the  Belridge  and  Xorth  Belridge 
fields  show  little  or  no  indication  of  the  folds.  Tlie  Lost  Hills 
and  the  Antelope  Hills  are  remnants  of  much  more  prominent  hills 
which  were  formed  during  the  post-McKittrick  period  of  folding. 
After  their  uplift  they  were  eroded  to  low  domelike  forms  and  a 
small  thickness  of  gravels  was  deposited  over  their  crests.  More 
recently  a  slight  climatic  change  has  resulted  in  the  cutting  of  nimier- 
ous  small  gullies  on  the  flanks  of  the  otherwise  even  domes.  Except 
for  the  recent  modification  in  form  they  represent  mature  to  old-age 
topography  of  an  arid  cycle.  These  hills  conform  to  the  Tertiarj' 
anticlines  in  location,  but  their  slopes  are  less  steep  than  the  dips  in 
the  underlying  McKittrick  formation.  Also  the  location  of  the  hills 
may  be  somewhat  shifted  from  the  area  directly  over  the  anticlinal 
axes,  because  of  unequal  erosion,  as  apparently  has  happened  in  the 
Lost  Hills. 

This  conception  of  the  origin  of  the  present  topographic  features 
and  of  their  relation  to  underlying  structure  is  significant  and  differs 
markedly  from  theories  previously  advanced  and  widely  accepted. 
Thus  Arnold  and  Johnson  apparently  hold  that  the  even,  domelike 
form  commonly  presented  was  produced  by  an  uplift,  which  has 
been  followed  by  no  great  amount  of  erosion.    They  say : 

S(HMi  from  a  dlstaiioo,  Elk  Hills,  if  the  very  youlliful  but  very  uumerous 
(Irainn^o  liiu's  be  eliminated,  must  present  much  the  same  appearance  tliat  it 
did  when  fonued.^'^ 

Presumably  the  term  "  when  formed  "  refers  to  the  post-McKittrick 
period  of  folding,  as  there  is  no  mention  of  any  later  folding  believed 
to  have  taken  place.  Also,  it  is  implied,  though  not  explicitly  stated, 
that  tliev  not  only  "  present  much  the  same  ap2)earance  as  when 
fornied,''  but  that  they  are  in  fact  the  original  hills,  practically  un- 
altered by  erosion,  which  were  formed  by  the  uplift  mentioned. 
With  re^rard  to  the  Lost  Hills  thev  state:  *® 

Whilo  the  ovidonce  is  not  absolutely  conclusive,  the  T-.ost  Hills  range,  which 
rises  about  2(K)  feet  above  the  surrouncling  plain,  is  believed  to  be  an  anti- 
clinal fold  of  such  recency  that  its  orijjinal  form,  except  for  the  erosional  scor- 
ings upon  the  surface,  has  not  bi»en  lost. 

The  writer's  view  is  that  the  dome  of  the  Elk  Hills,  like  that  of  the 
Lost  Hills,  is  an  old-aj^  feature  of  erosion  in  an  arid  climate,  and 
that  the  hills  liave  been  subjected  to  a  very  lar^re  amount  of  erosion  in 

»- r.  S.  (lool.  Survey  Bull.  -100,  p.  H\,  1910. 
>"  Idem,  p.  70. 
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post-McKittrick  time.  According  to  the  theory  of  Arnold  and 
Johnson,  there  would  seem  to  be  very  little  chance  that  any  post- 
McKittrick  folds  could  exist  without  an  expression  in  the  topog- 
raphy, and  consequently  prospecting  in  areas  unmarked  by  hills 
would  have  very  little  likelihood  of  success.  On  the  other  hand,  if 
we  assmne  that  there  has  been  a  great  deal  of  erosion  since  the  hills 
were  formed,  it  may  well  be  that  other  structural  hills  have  been 
eroded  to  such  an  extent  that  they  have  been  overridden  by  the  rising 
level  of  Quaternary  gravel  and  are  consequently  no  longer  repre- 
sented by  any  topographic  feature  whatever. 

That  the  writer's  view  of  the  origin  of  the  hills  is  correct  seems 
to  be  proved  by  the  lack  of  correspondence  between  the  geologic 
structure  and  topographic  form  of  several  ranges  of  hills.  The 
most  striking  illustration  of  this  divergence,  perhaps,  is  Kettle- 
man  Hills,  in  the  Coalinga  area  to  the  north.  Kettleman  Hills 
were  presumably  formed  at  the  same  time  as  Elk  Hills  and  Lost 
Hills.  Kettleman  Hills  are  a  low  domelike  range  of  hills,  slightly 
modified  by  recent  erosion,  essentially  similar  in  form  to  Elk  Hills. 
However,  the  geologic  structure  leaves  no  possible  doubt  that  there 
has  been  a  great  deal  of  erosion  since  their  uplift,  as  the  Paso 
Robles  and  upper  Miocene  formations,  if  restored  over  the  crest 
of  the  anticline  of  the  hills,  would  produce  a  range  of  mountains 
6,000  or  7,000  feet  high,  though  the  hills  are  at  present  only  as 
many  hundred  feet  above  the  surrounding  plains.  Likewise  all 
along  the  edge  of  the  Temblor  Range,  between  McKittrick  and 
Sunset,  the  McKittrick  has  been  affected  by  a  great  deal  of  erosion 
since  the  post-McKittrick  uplift.  It  seems  hardly  likely  that  there 
would  be  any  such  discrepancy  in  the  amount  of  erosion  in  post- 
McKittrick  time  as  would  be  necessary  if  the  Elk  Hills  and  Lost 
Hills  are  only  very  slightly  modified  in  form  since  their  original 
uplift.  Though  the  Elk  Hills  conform  very  closely  in  form  to 
the  underlying  structure,  the  dips  on  the  flanks  of  the  hills  are 
rather  greater  than  the  slope  of  the  surface.  Such  agreement  in 
form  as  there  is  between  topography  and  structure  is  probably  due 
to  the  fact  that  the  beds  forming  the  hills  are  of  fairly  uniform 
hardness  throughout,  so  that  in  the  course  of  erosion  there  would 
be  very  little  tendency  for  hard  beds  to  form  prominent  ridges 
and  cause  the  shape  of  the  hills  to  depart  from  that  developed 
by  the  original  uplift.  Also,  it  happens  that  the  structure  of  the 
hills  would  present  nearly  the  same  topographic  form  as  that 
which  they  would  tend  to  take  in  the  normal  course  of  arid-climate 
erosion.  In  the  Lost  Hills,  too,  the  structure  of  the  McKittrick 
formation  does  not  parallel  the  slope  of  the  surface  dome  but  is 
much  steeper,  as  is  proved  by  the  well  logs,  a  line  of  evidence  which 
was  not  available  at  the  time  that  Arnold  and  Johnson  wrote. 
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If  the  form  of  the  different  ranges  of  hills  is  not  that  devel- 
oped by  the  original  post-McKittrick  uplift,  it  may  still  be  urged 
that  they  were  formed  by  a  later  uplift,  possibly  in  late  Quater- 
nary time,  since  which  they  have  been  only  slightly  modified  by 
erosion.  This  hypothesis,  too,  seems  unlikely  to  the  writer,  though 
it  is  less  easily  disproved  than  the  one  just  presented.  If  such  a 
later  uplift  had  occurred,  there  would  probably  be  some  beds  that 
were  deposited  in  post-McKittrick  time  but  prior  to  the  supposed 
uplift  and  that  had  been  tilted  by  it  Yet  no  such  beds  are  pres- 
ent. All  the  Quaternary  gravels  show,  only  such  dips  as  they 
probably  had  when  they  were  deposited.  Further,  the  form  of  the 
Lost  Hills  is  not  one  that  would  probably  have  been  developed 
by  uplift  alone.  They  form  a  topographic  terrace  that  has  a  com- 
paratively steep  slope  on  the  east  and  a  very  low  gravel-covered 
slope  on  the  west.  This  form  is  easily  accounted  for,  and  would  be 
expected  if  a  low  dome  had  been  overridden  by  gravel  deposits  from 
the  west;  but  a  structural  terrace  of  this  type  would  be  a  rather 
peculiar  form  for  an  uplift  to  take.  Likewise,  the  low  parallel 
ridges  which  occur  along  the  length  of  the  hills  could  hardly  have 
been  formed  by  an  uplift  unmodified  by  erosion,  though  they  are 
easily  accounted  for  as  the  result  of  the  action  of  erosion  on  tilted 
beds  of  unequal  hardness. 

As  shown  by  the  preceding  discussion,  if  other  folds  were  formed 
within  the  valley  area  they  may  have  been  completely  hidden,  as  far 
as  surface  evidence  goes,  at  the  present  time.  But  is  there  any  rea- 
son to  believe  that  any  such  folds  were  actually  formed?  Are  there 
any  buried  folds  between  those  now  known,  or  are  there  others  far- 
ther out  in  the  valley  than  those  now  known?  There  is  no  direct 
'  evidence  bearing  on  this  question.  The  likelihood  of  such  folds  de- 
pends on  whether  the  folding  which  took  place  was  sporadic  in  char- 
acter or  whether  it  affected  all  parts  of  the  area  over  which  it  took 
place  without  leaving  any  unfolded  areas  or  "  holes  "  in  a  region  in 
which  the  rocks  elsewhere  were  folded,  and  on  how  far  eastward  in 
the  valley  the  folding  extended.  It  would  seem  that  as  the  folding 
was  a  result  of  stresses  wliich  acted  over  large  areas  the  folding  was 
continuous  over  those  areas  but  with  diminishing  intensity  from  the 
center  of  greatest  activity,  and  that  in  so  far  as  the  beds  presented 
fairly  uniform  resistance  in  adjacent  areas  the  folds  were  probably  of 
about  the  same  steepness  and  about  ihe  same  distances  apart  but  in 
general  of  decreasing  intensity  toward  the  valleys,  irrespective  of 
whether  the  folds  are  exposed  to  view  or  are  masked  by  alluvium. 
Thus  there  may  well  be  one  or  more  anticlinal  folds  in  the  wide  allu- 
vium-covered area  between  the  Lost  Hills  and  the  edge  of  the  Tem- 
blor Range  to  the  west. 


The  distance  to  the  east  that  the  folding  extended  is  rather  harder 
to  approximate.  The  Lost  Hills  anticline  marks  the  eastern  limit  of 
the  known  folds,  and  on  the  east  side  of  the  valley,  in  the  region  of 
the  Kern  River  oil  field,  where  the  Tertiary  beds  are  well  exposed, 
there  is  a  more  or  less  regular  low  monoclinal  dip  toward  the  west. 
However,  on  the  east  side  of  the  valley  the  Tertiary  beds  are  com- 
paratively thin  and  rest  on  a  rigid  granitic  basement,  which  slopes 
gradually  toward  the  west  under  the  valley. 

The  presence  of  this  rigid  foundation  may  have  prevented  the 
folding  of  the  Tertiary  rocks  as  they  have  been  folded  along  the 
western  margin  of  the  valley.  The  eastern  limit  of  folding  very 
likely  lies  along  a  line  where  the  granitic  rocks  reached  such  a  depth 
that  they  were  below  the  zone  of  activity  of  the  forces  causing  the 
folding  in  this  interior  area.  This  line  can  not  be  determined  from 
the  surface,  but  it  is  reasonable  to  postulate  that  the  forces  which 
caused  the  folding  did  not  die  out  abruptly.  The  folding  in  the  Lost 
Hills  is  rather  marked,  and  the  absence  in  that  region  of  so  large  a 
thickness  of  upper  Miocene  beds  (representing  the  Jacalitos  forma- 
tion and  the  lower  part  of  the  Etchegoin  formation)  indicates  that  in 
the  past,  at  least,  there  was  considerable  folding  and  uplift  in  a  part 
of  the  valley  far  out  from  the  edge  of  the  present  Coast  Ranges.  The 
writer's  opinion  therefore  is  that  in  Tertiary  time  San  Joaquin  Val- 
ley was  not  a  geosyncline  of  unfolded  Tertiary  beds,  but  that  there 
were  anticlines  and  synclines  of  considerable  magnitude  farther  out 
in  the  valley  than  the  Lost  Hills  fold.  The  possible  location  of  such 
folds  as  may  exist  between  or  beyond  the  known  folds  will  be 
discussed  in  the  following  description  of  separate  areas  within  the 
region  studied. 

Area  between  Lost  HiUs  and  Temilor  Range. — ^In  the  alluvium- 
covered  area  some  12  miles  wide  between  the  Lost  Hills  and  the  edge 
of  the  Temblor  Range  one  or  more  folds  may  be  present.  Elsewhere 
the  anticlines  out  in  the  valley  beyond  the  edge  of  the  mountains  are 
from  4  to  6  miles  apart  and  are  progressively  closer  together  the 
nearer  they  are  to  the  edge  of  the  mountains. 

The  folds  in  this  area  are  probably  not  farther  apart  than  else- 
where and  thus  suggest  the  presence  of  an  anticline  about  midway 
between  the  Lost  Hills  anticline  and  the  North  Belridge  (Manel 
Minor)  anticline. 

The  presence  of  an  anticline  in  this  area  is  also  suggested  by  the 
structure  of  the  Tertiary  rocks  on  the  two  sides  of  Antelope  Valley. 
The  pre-Miocene  formations  outcrop  much  farther  to  the  east  on  the 
north  side  of  Antelope  Valley  than  on  the  south  side.  The  Miocene 
beds  which  form  Wagonwheel  Mountain  must  therefore  swing  west- 
ward around  the  axis  of  a  plunging  anticline  or  else  be  faulted  down 
on  the  southwest  side.    A  fault  with  downthrow  on  the  southwest 


44  GEOLOGY  AKD  PBTROLBtftf  OF  KERif  COUNTY,  CALXJP. 

side  has  brought  Miocene  beds  into  contact  with  older  rocks  near  the 
head  of  Antelope  Valley.  This  fault  probably  continues  a  consider- 
able distance  to  the  east  beyond  the  area  where  it  is  exposed,  prob- 
ably well  into  T.  26  S.,  R.  18  E.,  but  still  farther  east  it  may  give 
way  to  an  anticline,  like  many  of  the  faults  which  extend  eastward 
into  the  zone  of  less  intense  folding.  There  is  therefore  some  reason 
to  suspect  the  presence  of  an  anticline  trending  southeastward  from 
a  point  south  of  Point  of  Rocks,  possibly  passing  near  the  707- foot 
bench  mark  in  sec.  20,  T.  26  S.,  R.  19  E.  Such  an  anticline  should 
be  favorable  for  the  accumulation  of  oil. 

The  stratigraphy  and  structure  of  the  rocks  beneath  Antelope  Val- 
ley west  of  a  line  drawn  north  and  south  through  Point  of  Rocks  is 
probably  similar  to  that  of  the  hills  on  either  side;  and  if  so,  the 
rocks  are  too  much  disturbed  and  the  older  formations  are  too  exten- 
sive for  this  area  to  be  favorable  for  prospecting  for  oil. 

Possible  continuation  of  McDonald  anticline. — ^The  McDonald 
anticline  is  traceable  for  a  distance  of  about  15  miles  in  the  hills. 
At  its  north  end  the  fold  has  its  origin  in  the  much-faulted  area  west 
of  Barril  Valley.  From  the  north  line  of  T.  27  S.  it  is  traceable 
southeastward  as  a  well-marked  steep  fold.  Just  north  of  Bitter- 
water  Valley  there  is  a  southward  plunge  of  15®  to  20°,  which  brings 
the  shale  over  the  axis.  South  of  Bitterwater  Valley  the  fold  is  less 
closely  compressed,  and  the  doming  brings  up  the  Tejon  along  the 
axis.  Where  the  fold  approaches  the  valley  alluvium  toward  the 
southeast  it  plunges  8°  to  9°  southeastward.  Beyond  the  edge  of  the 
valley  there  is  no  topographic  evidence  of  its  continuation.  The 
other  folds  that  are  known  to  extend  out  into  San  Joaquin  Valley 
are  marked  by  low  hills,  so  there  is  some  doubt  as  to  whether  this 
fold  extends  to  the  southeast  or  plunges  steeply  and  merges  with  the 
monocline  that  flanks  the  range  south  of  this  region  as  far  as  Gould 
Hill,  as  does  the  Ciervo  anticline,  north  of  Coalinga,^^  which  is  well 
marked  in  the  higher  hills  but  plunges  to  the  southeast  and  merges 
with  the  monocline  along  the  edge  of  the  valley.  It  has,  however, 
already  been  pointed  out  that  there  is  no  surface  evidence  of  the 
probably  continuous  anticline  between  Lost  Hills  and  Kettleman 
Hills,  so  the  lack  of  surface  evidence  does  not  preclude  a  continua- 
tion of  the  McDonald  anticline.  The  writer  believes  that  this  anti- 
cline, which  is  traceable  for  a  considerable  distance  within  the  hills, 
may  not  terminate  at  the  edge  of  the  valley,  but  that  more  likely  it 
continues  for  at  least  several  miles  beneath  the  Quaternary  valley 
filling.  The  position  of  the  Belridge  oil  field  suggests  that  it  lies 
on  a  continuation  of  this  anticline. 

»T  Anderson,  Robert,  and  Pack,  R.  W.,  Geology  and  oil  resources  of  the  west  border  of 
the  San  Joaqnln  Valley  north  of  Coallnga,  Calif. :  U.  8.  QeoL  Survey  Ball.  60S,  geologic 
maix  1915. 
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Gould  Hid  to  the  McKittrick  Front, — In  Gould  Hill  there  are  sev- 
eral small  folds  in  the  McKittrick  formation  that  trend  N.  60*^  W., 
and  in  the  north  end  of  the  McKittrick  Front  similar  small  folds 
that  trend  N.  75°  W.  Between  the  two  areas  lies  the  alluvimn-cov- 
ered  Temblor  Valley,  along  the  west  side  of  which  the  folds  in  the 
Vaqueros  and  Maricopa  rocks  trend  nearly  east.  The  probable  ex- 
tension of  these  folds  must  be  considered.  The  folds  from  the  west 
side  of  the  valley  may  extend  eastward  between  Gould  Hill  and  the 
Temblor  Front  or,  as  appears  more  likely,  they  may  swing  around 
toward  the  southeast  parallel  to  the  trend  of  the  folds  in  the  Mc- 
Kittrick formation  and  possibly  connect  with  the  folds  in  the  hills 
northwest  of  McKittrick.  In  sec.  8,  T.  29  S.,  R.  20  E.,  the  Maricopa 
shale  strikes  nearly  east,  although  the  contact  at  the  base  of  the  Mc- 
Kittrick trends  N,  30°  W.,  and  in  the  small  area  in  which  the  shale 
crops  out  in  sees.  7  and  18,  T.  29  S.,  R.  21  E.,  its  strike  is  considerably 
nearer  east  than  that  of  the  surrounding  McKittrick  formation.  It 
therefore  seems  likely  that  the  east- west  folding  was  produced  previous 
to  the  folding  that  affected  the  McKittrick  formation,  and  therefore 
none  of  the  folds  in  the  McKittrick  trend  east.  The  small  folds  in 
Gould  Hill  probably  continue  southeastward  beneath  the  alluvium 
and  are  not  affected  by  the  folds  mapped  on  the  west  side  of  Temblor 
Valley. 

The  folds  in  the  hills  of  the  McKittrick  Front  and  on  the  east 
flank  of  Gould  Hill  are  small  and  close  together.  Apparently  as  the 
folds  approach  the  edge  of  the  main  range  they  become  progressively 
closer  together.  This  close  folding  probably  does  not  extend  far  out 
from  the  hills,  and  any  folds  farther  out  than  the  north  McKittrick 
Front  are  probably  wide  apart  and  regular  in  structure.  The  writer 
thinks  that  possibly  the  Belridge  anticline  continues  southeastward 
parallel  to  the  McKittrick  Front  and  that  this  area  would  be  more 
likely  to  contain  a  well-developed  anticline  than  the  area  nearer  the 
hills  on  the  west.  Another  place  which  seems  rather  favorable  is 
in  the  locality  where  the  Lost  Hills  and  North  Belridge  anticlines 
would  intersect  if  projected,  for  if  either  of  the  two  folds  continues 
with  unaltered  direction  there  would  be  an  anticline  at  that  place. 

Region  east  of  the  Lost  Hills  anticline, — ^Though  there  is  no  sur- 
face evidence  of  the  presence  of  any  folds  east  of  the  Lost  Hills,  the 
possible  value  of  any  discovery  in  this  area  makes  it  advisable  in  the 
writer's  opinion  to  test  the  region  far  out  in  the  valley  by  one  or  more 
deep  wells.  Even  if  an  initial  well  failed  to  obtain  any  oil,  if  the 
Quaternary  deposits  were  found  to  be  thin  the  indications  would  be 
favorable  and  would  warrant  further  prospecting.  In  view  of  the 
spacing  of  folds  elsewhere  the  writer  suggests  that  a  belt  6  to  8  miles 
east  of  the  Lost  Hills  anticline  would  include  the  area  in  which  an- 
other anticline  is  most  likely  to  be  present.  _ 
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MINERAL  RESOURCES  OF  ALASKA,  1920. 


By  Ai^FBED  H.  Brooks  and  others. 


PREFACE. 


By  Alfred  H.  Brooks. 


This  volume  is  the  seventeenth  of  a  series  of  annual  bulletins  ^ 
summarizing  the  results  achieved  during  the  year  in  the  investiga- 
tion of  the  mineral  resources  of  Alaska  and  tre&ting  of  the  mining 
industry  of  the  Territory,  especially  of  the  statistics  of  mineral  pro- 
duction, with  the  collection  of  which  the  Geological  Survey  is  charged 
bv  law. 

The  reports  included  in  this  volmne  are  primarily  intended  to  give 
prompt  publication  of  the  more  important  economic  results  of  the 
work  of  the  year.  The  time  available  for  their  preparation  does  not 
permit  full  office  study  of  the  field  notes  and  specimens,  and  some  of 
the  statements  made  here  may  require  modification  when  the  study 
has  been  completed.  Those  who  are  interested  in  any  particular 
district  should  therefore  procure  a  copy  of  the  complete  report  on 
that  district  as  soon  as  it  is  available. 

Again,  as  for  many  years  in  the  past,  the  Geological  Surrey  is 
under  great  obligation  to  residents  of  the  Territory  for  valuable  data. 
Those  who  have  thus  aided  include  the  many  mine  operators  who  have 
made  reports  on  production  as  well  as  developments.  There  are  still 
some  Alaskan  mineral  producers  who  fail  to  respond  to  requests  for 
information.  Many  prospectors.  Federal  officials,  engineers,  and 
officers  of  banks  and  transportation  and  commercial  companies  have 
contributed  valuable  data.  It  is  impracticable  to  mention  by  name 
all  who  have  aided  in  this  work,  but  it  should  be  stated  that  without 
the  assistance  of  these  public-spirited  citizens  the  preparation  of  this 
report  would  «have  been  impossible.  Special  acknowledgments 
should  be  made  to  the  Director  and  other  officers  of  the  Mint;  the 

^  The  praoedlng  Toluxnes  in  this  series  are  U.  8.  Geol.  Snrvej  Bolls.  269,  284, 314, 346, 879, 442, 480,  620, 
542, 602,  <I22, 642, 662, 892, 712,  and  714. 
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Director  and  other  officers  of  the  United  States  Bnieau  of  Mmea; 
B.  D.  Stewart,  Territorial  mining  inspector;  the  officers  of  the  Alaska 
customs  service;  the  officers  of  the  Alaskan  Engineering  Conmiis- 
sion;  the  American  Railway  Ebcpress  Co.;  Stephen  Birch,  Kenne- 
cott  Copper  Corporation;  Sumner  S.  Smith,  resident  engineer  of  the 
Alaskan  Naval  Coal  Commission;  George  Parks,  General  Land 
Office;  Asa  C.  Baldwin,  of  Seattle,  Wash.;  C.  W.  Dietzel,  of  Juneau; 
Philip  Bradley,  of  Treadwell;  George  C.  Hazelet,  of  Cordova;  J.  M. 
Finnegan,  of  Kodiak;  Paul  Buckley,  of  Unalaska;  J.  M.  Elmer,  of 
Clustochina;  F.  E.  Youngs,  of  Seward;  Sidney  Anderson  and  Milo 
Kelley,  of  Anchorage;  H.  W.  Nagley  and  Edward  McConnell,  of 
Talkeetna;  Luther  C.  Hess,  the  First  National  Bank,  T.  H.  Deal 
(postmaster),  J.  A.  Fairbom,  and  Henry  Cook,  of  Fairbanks;  B.  J. 
Everman,  of  Fox;  N.  P.  Nelson,  of  Chisana;  Charles  E.  M.  Cole  and 

F.  E.  Phillips,  of  Jack  Wade;  Charles  Zielke,  of  Nenana;  John  B. 
Mathews,  of  Hot  Springs;  George  W.  Ledger,  of  Rampart;  Oscar 
Morell,  of  Deadwood;  Alexander  Mitchell,  of  Eantishna;  Thomas 

G.  Carter  and  F.  P.  Sturrock,  of  Beaver;  H.  S.  Wanamaker,  of 
Nolan;  T.  A.  Parsons,  of  Ruby;  B.  B.  Smith  and  G.  W.  C.  Glass,  of 
Ophir;  Harry  Madison,  of  Tolstoi;  F.  E.  Wiseman  and  R.  C.  Butler, 
of  Iditarod:  D.  E.  Stubbs  and  L.  Huber,  of  Aniak;  John  Haroldson 
and  A.  Stecker,  of  Quinhagak;  R.  W.  J.  Reed,  of  Nome;  Geoige  P. 
Stanley,  of  ELiana;  and  Louis  Lloyd,  of  Shungnak, 
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By  Alfred  H.  Bbooks. 


gexsraIj  features. 

Though  the  mining  industry  of  Alaska  as  a  whole  suffered  a  serious 
depression  in  1920,  yet  the  value  of  the  total  mineral  output  was 
greater  than  in  1919,  chiefly  because  of  the  great  increase  in  the 
production  of  copper,  to  be  credited  largely  to  the  four  leading 
copper  mines  in  the  Territory.  The  value  of  the  total  mineral  product 
of  Alaska  was  $19,620,913  in  1919  and  $23,303,757  m  1920.  The 
output  of  the  gold  placers  has  decreased,  but  that  of  the  gold  lode 
mines  has  been  maintained. 

During  41  years  of  mining  Alaska  has  produced  minerals  to  the 
value  of  more  than  $460,000,000,  over  half  of  which  was  produced 
in  the  last  decade.  About  75  per  cent  of  this  output  has  come  from 
small  but  rich  deposits  termed  ''bonanzas."  Such  deposits  can  be 
exploited  profitably,  even  under  the  most  adverse  conditions  of 
isolation  and  transportation,  because  they  yield  very  large  returns  on 
the  capital  and  labor  employed. 

Bonanza  mining,  always  the  first  to  be  developed  in  a  new  land,  is 
a  most  powerful  agency  in  attracting  population,  in  forming  com- 
munities, and  in  establishing  transportation  systems.  This  mining 
will  continue,  for  the  known  bonanza  deposits  in  Alaska  have  been 
by  no  means  exhausted,  and  there  is  good  prospect  of  finding  others. 
A  stable  and  permanent  mining  industry  can  not,  however,  be 
founded  on  the  exploitation  of  only  the  very  rich  ore  bodies.  Perma* 
nencymust  be  based  on  the  development  of  the  lai^er  deposits  of  less 
unit  value.  This  development  depends  for  its  profits  not  so  much 
on  the  richness  of  the  ore  as  on  economies  made  possible  by  the  mag- 
nitude of  the  operations.  Large  mining  operations  require  regular 
and  cheap  transportation;  they  can  not  be  successfid  at  places  served 
only  by  the  haphazard  and  expensive  means  of  transportation  that 
are  generally  available  on  the  frontier.  The  passage  from  bonanza 
mining  to  a  stable  and  permanent  industry  takes  place  in  all  mineral- 
bearing  regions  and  has  long  been  under  way  in  the  accessible  coastal 
region  of  Alaska,  but  the  mineral  wealth  of  the  interior  remains 
practically  untouched  except  by  the  bonanza  miner. 

It  will  be  well  to  emphasize  again  the  fact  that  the  product  of  large 
mining  operations  on  low-grade  deposits  has  for  many  years  formed 
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a  considerable  part  of  the  mineral  output  of  the  Tenitory.  Ihis 
kind  of  mining  began  wiih  the  exploitation  of  the  Treadwell  auriferous 
lode  in  1887.  During  the  last  two  decades  low-grade  deposits  of  cop- 
per, placer  gold,  etc.,  have  been  profitably  worked  in  other  parts  of 
the  seaboard  region  of  Alaska.  The  minerals  recovered  from  these 
large  operations  have  a  total  value  of  about  $105,000,000,  of  which 
nearly  $76,000,000  is  to  be  credited  to  the  mines  of  the  Juneau 
district.  This  total  includes  the  value  of  the  mineral  output  from 
(1)  auriferous  lodes  that  yield  ores  whose  gold  and  silver  content  is 
valued  at  less  than  $2.50  a  ton,  (2)  copper  deposits  oontaining  an 
average  of  not  more  than  3  per  cent  of  copper,  (3)  placers  having  a 
gold  content  of  less  than  75  cents  to  the  cubic  yard,  and  (4)  marble 
and  gypsum  of  southeastern  Alaska.  All  the  low-grade  deposits  thus 
far  developed  are  at  or  near  tidewater  and  therefore  have  not  had  to 
bear  the  high  cost  of  land  transportation,  which  can  be  borne  only 
by  bonanza  deposits.  Many  mineral  deposits  of  low  grade  are 
Imown  in  Alaska,  and  the  prospect  of  finding  others  is  good.  The 
exploitation  of  la^e  mineral  deposits  of  this  kind  yields  only  a  small 
profit  per  ton,  but  under  normal  industrial  conditions  this  disadvan- 
tage is  offset  by  the  large  tonnage  handled.  Under  the  present  high 
operating  costs  and  the  relatively  low  market  value  of  mineral  prod- 
ucts the  profits  on  certain  operations  are  entirely  swept  away,  so 
that  during  the  last  two  years  there  has  been  no  incentive  to  this 
form  of  mining  in  Alaska,  and  no  large  mining  ventures  have  been 
undertaken. 

As  about  96  per  cent  of  the  mineral  output  of  Alaska,  measured  in 
value,  has  been  taken  from  her  gold  and  copper  mines,  the  woild- 
wide  depression  in  the  mining  of  these  two  metals,  which  continued 
through  1920,  has  been  a  staggering  blow  to  the  prosperity  of  the 
Territory.  About  60  per  cent  of  the  population  of  Alaska  has  here- 
tofore been  directly  or  indirectly  supported  by  gold  mining,  and  with 
the  relative  decrease  in  the  value  of  gold  the  population  has  decreased, 
for  the  miner  or  prospector  has  been  forced  to  leave  the  Territory. 
This  decrease,  however,  must  not  be  regarded  as  an  indication  of  the 
early  exhaustion  of  the  gold  resources,  for  Alaska  contains  enormous 
potential  reserves  of  gold  and  other  minerals.^  The  depression  of  the 
mining  industry  is  only  temporary;  a  change  for  the  better  wUl  come 
when  general  economic  conditions  become  more  nearly  normal  and 
water  and  land  transportation  are  cheaper  and  better.  A  lowering 
of  freight  rates,  the  completion  of  the  Government  railroad,  and  the 
building  of  a  large  mileage  of  wagon  roads  are  needed  to  quicken  the 
now  stagnant  mining  industry.  Such  changes  will,  however,  take 
time,  so  that  an  immediate  general  improvement  can  not  be  expected. 

1  BrookSy  A.  H.,  Tbe  ftxture  of  Alaska  mining:  U.  8.  Q«ol.  Surrey  Bull.  714,  pp.  6-67, 1981. 
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The  prospects  of  successfully  exploiting  the  mineral  fuels  have  been 
improved  somewhat  by  the  ooal-land  leasing  act  of  1913,  but  unfor- 
tunately this  act  became  effective  during  the  period  when  industrial 
conditions  were  made  unstaUe  by  the  World  War  and  by  the  read- 
justments that  followed  peace.  In  1 920  further  help  was  given  by  the 
passage  of  an  oil-land  leasing  act,  but  this  act  has  not  been  in  force 
long  enough  to  affect  the  Alaska  mining  industry. 

The  interdict  which  long  existed  on  the  use  of  the  mineral  fuels  of 
Alaska  greatly  retarded  all  forms  of  mining  in  the  Territory.  It  not 
only  enhanced  the  cost  of  mining  by  prohibiting  the  use  of  local  fuels, 
but  it  made  the  industry  lose  the  benefit  of  the  improvement  in 
industrial  conditions  that  would  certainly  have  followed  the  develop- 
ment of  coal  and  oil.  In  spite  of  these  conditions  gold  and  copper 
mining  in  Alaska  has  been  very  prosperous,  principally  because  there 
has  been  no  direct  interference  to  prevent  their  normal  development. 
Had  metal  mining  been  subject  to  restrictions  similar  to  those 
imposed  on  the  development  of  mineral  fuels  the  Alaska  mining 
industry  would  to-day  be  still  in  its  infancy. 

The  niunber  of  men  engaged  each  year  in  productive  mining  gives  a 
rough  measure  of  the  prosperity  of  the  industry,  but  unfortunately 
complete  statistics  of  Uie  number  of  men  employed  in  mining  are  not 
available.  A  carefid  study  of  all  the  facts  at  hand  appears  to  justify 
the  following  estimates,'  which  include  only  the  men  employed  at 
mines  that  made  some  mineral  output  during  the  year. 

Estimates  of  number  of  men  employed  at  productive  mines  of  Alashaf  1911-1920, 


Year. 


Placer  mines. 


Summer. 


Winter 

(omitted 

from 

total). 


Lode 
mines 
and  re- 
duction 
plants. 


AU  other 
mining 

and  quar- 
rying. 


Total 
men  en- 
gaged in 
mining, 
not  in- 
cluding 
winter 
placer 
mines. 


1911 
lfil2 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


4,900 
4  £00 
4,  £00 
4,400 
4,400 
4,050 
3,650 
3  000 
2,180 
1,990 


670 
800 
80O 
80O 
700 
880 
050 
610 
320 
840 


2,360 
2,560 
3,460 
3,500 
3,860 
4,570 
3,220 
2,000 
1,900 
1,880 


160 
160 
140 
140 
160 
840 
270 
400 
810 
360 


7,410 
7,210 
8,000 
8,040 
8,410 
8,960 
7,040 
6,400 
4,300 
4,230 


*  Ther^Mirteof  the  Geological  Surrey  contain  estimates  of  the  number  of  men  engaged  in  placer  mining 
for  each  year  alnoe  1910,  and  miscellaneous  notes  on  the  number  of  men  employed  in  other  brandies  of  the 
mining  industry.  The  following  pubUoatloos  also  give  much  valuable  inrormation  about  the  number  of 
men  employed,  especially  inl  ode  mining: 

Smith,  S.  d.,  Report  of  the  mine  inspector  for  the  Territory  of  Alaska  to  the  Secretary  of  the  Intericr 
for  the  flacal  year  ended  June  30, 1912.  Washington,  1918.  Same  for  the  flsoal  year  ended  June  80, 1913, 
Washington|l914.    Same  for  the  fiscal  year  ended  June  30, 1914,  Washington,  1914. 

Ifakmey,  wfUiam.  Report  of  the  Tenitcrial  mineinspeotor  to  the  governor  of  Alaska,  for  the  year  1015 
(JuneaOy  Alaska,  1916].  Same  for  the  year  1916  [Juneau,  Alaska,  1917].  Same  for  the  year  1917  [Juneaa, 
Alaska,  1918]. 

Stewart,  B.  D.,  Annual  r^>ort  of  the  Territorial  mine  inspector  to  the  governor  of  Alaska,  1920,  Juneau, 
Alaska,  1081. 
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Iq  considering  the  above  table  it  should  be  remembered  that  the 
summer  placer  mines  are  operated  for  an  average  period  of  less  than 
100  days  in  a  year.  A  comparison  of  the  first  two  oolumns  shows 
that  only  a  small  percentage  of  the  men  engaged  in  summer  placer 
mining  can  find  similar  employment  in  the  winter.  As  the  winter 
placer  mining  is  all  done  through  shafts  and  drifts  it  is  dosely  related 
to  lode  mining.  Some  of  the  deep  placer  mines  are  operated  for 
nearly  the  entire  year  and  hence  are  included  in  the  total  summer 
minee  also.  The  lode  mines  include  copper  and  gold  and  a  few  other 
metal  mines.  The  fourth  column  shows  the  number  of  men  engaged 
in  all  other  forma  of  mining  and  quarrying,  including  tlie  exploitation 
of  coal,  petroleum,  marble,  tin,  gypsum,  etc. 

MiruTal  output  oj  AUuka.  1919  and  1910. 
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NEW  DEYEIiOPMENTS. 
One  of  the  most  encouraging  features  of  the  year's  Tuining  v 
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systematic  development  of  a  large  auriferous  lode  in  the  Nixon  Fork 
(McKinley)  district,  in  the  upper  Kuskokwim  Valley.  This  ore  body 
gives  promise  of  being  valuable,  and  if  the  promise  is  fulfilled  tike 
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begmning  of  a  lode-minmg  industry  in  this  remote  region  will  be 
assured.  Auriferous  mineralization  appears  to  have  taken  place 
rather  widely  in  the  Kuskokwim  basin,  a  region  which  has  been  rela- 
tively little  prospected.  The  gold  of  this  region  is  associated  with 
granitic  rocks,  which  are  intruded  into  limestone  and  other  little- 
altered  sedimentary  rocks.  In  general  the  strong  mineralization 
appears  to  be  more  localized  than  that  in  the  schist  areas  of  the  upper 
Yukon,  and  the  conditions  are  therefore  favorable  to  the  occurrence 
of  commercial  ore  bodies. 

The  discovery  of  this  lode  and  the  continued  success  of  the  Candle 
Creek  dredge  near  McGrath  have  attracted  attention  to  the  Kusko- 
kwim  basin,  and  more  prospecting  has  consequently  been  done  in  this 
region  than  in  any  other  part  of  inland  Alaska.  Especially  note- 
worthy has  been  the'  considerable  search  and  the  niunerous  tests  for 
dredg^  ground  here  and  in  the  region  inunediately  adjacent  during 
the  last  two  years. 

Though  lode  mining  in  southeastern  Alaska  is  still  chiefly  confined 
to  the  low-grade  ores  of  Jimeau,  whose  development  is  seriously 
handicapped  by  the  existing  conditions,  yet  there  was  in  1920  a 
marked  increase  in  prospecting  for  auriferous  lodes  in  this  field, 
notably  in  the  Sitka  district.  Promising  discoveries  of  auriferous 
quartz  were  made  on  Chichagof  Island.  Important  also  were  the 
activities  in  the  Willow  Creek  district,  in  the  Susitna  basin,  tributary 
to  the  Government  railroad,  which  were  directed  to  the  consoUdation 
of  some  auriferous  lode  properties  and  their  development  on  a  large 
scale. 

One  of  the  most  important  events  of  the  year  was  the  beginning  of 
systematic  imdergroimd  exploration  of  the  Matanuska  coal  field 
under  the  auspices  of  the  Navy  Department.  This  exploration  has 
for  its  purpose  the  development  of  high-grade  coal  for  the  use  of  the 
Navy,  but  incidentally  it  should  afford  a  thorough  test  of  the  com- 
mercial possibiUties  of  the  field. 

The  enactment  of  the  oil-land  leasing  law  in  February,  1920,  to- 
gether with  the  world-wide  search  for  petroleum,  have  again  attracted 
pubUc  attention  to  the  oil  in  Alaska.  There  has  not  yet  been  suffi- 
cient time  to  drill  under  the  new  regime,  but  more  than  700,000  acres 
of  land  has  been  staked  on  the  assumption  that  it  is  oil  bearing.  The 
evidence  in  hand  indicates  that  though  a  part  of  this  land  is  well 
worth  drilling  many  of  the  places  staked  now,  as  during  all  oil  booms, 
will  be  found  worthless.  There  is,  however,  a  very  good  prospect 
of  developing  producing  wells  in  Alaska* 
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GOLD  AND  SILTHR. 
TOTAL  PaODUCTIOK. 

The  total  production  of  gold  and  silver  since  the  beginnmg  of  min- 
ing in  1880  is  given  in  the  following  table.  For  the  earlier  years  the 
figures,  especially  those  for  silver,  are  probably  far  from  onrect,  but 
they  are  based  on  the  best  information  now  available. 

Gold  and  tilver  prodve^  in  Aloiia,  1880-19X0. 
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The  subjoined  table  gives  an  estimate,  based  on  the  best  available 
data,  of  the  gold  and  silver  produced  in  Alaska  from  different  sources 
since  mining  began  in  1880.  About  (65,900,000  worth  of  gold,  or 
about  one-fifth  of  the  total  estimated  output,  was  {Hvduced  before 
1905,  and  there  is  but  scant  information  about  its  source.  For  the 
period  since  that  time  fairly  complete  statistics  are  available,  and 
the  figures  presented  in  the  following  table  are  probably  sufficiently 
accurate  to  be  valuable.    The  figures  given  for  the  silver  recovered 
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from  placer  gold  and  from  siliceous  ores  are  probably  less  accurate 
than  those  for  the  gold.  Copper  mining  did  not  begin  in  Alaska 
until  1901,  and  the  figures  for  gold  and  silver  derived  from  this  indus- 
try therefore  represent  approximately  the  actual  output. 

Crold  and  silver  produced  in  Alofkafrom  different  sources,  1880-1920. 


Silioeoiu  ores  a 
Copper  ores... 
PlaoeEB 


Gold. 


Quantity 

(fine 
ounces). 


4,662,942 

84,799 

10,733,735 


15,481,476 


Value. 


196,391,594 

1,752,967 

221,885,992 


320,090,553 


SUver. 


Quantity 

(flue 
ounces). 


1,674,872 
6,497,919 
1, 799, 771 


9,972,562 


Value. 


$1,321,588 
4,956,834 
1,064,470 


7,342,802 


a  Including  small  amounts  of  galena  oro. 

The  above  table  shows  that  30  per  cent  of  all  the  gold  produced  in 
Alaska  since  1880  has  been  obtained  from  siliceous  ores.  During  the 
last  decade  there  has  been  a  gradual  increase  in  the  percentage  of  the 
annual  gold  output  from  the  auriferous  lodes.  In  1911  the  propor- 
tion was  25  per  cent;  in  1915,  37  per  cent;  in  1919,  46.6  per  cent, 
and  in  1920,  53  per  cent. 

Gold  and  silver  produced  in  Alaska,  1920,  by  sources. 


Ore. 

Oold. 

Bilver. 

Quantity. 

(fine 
ounces). 

Value. 

(Quantity. 

(fine 
ounces). 

Value. 

Siliceous  ores tons.. 

CoDDer  ofes do. . . . 

3,413,021 

765,025 

3,439,974 

216,414 

913 

187,356 

14,473,687 

18,873 

3,873,000 

246,292 

682,033 

25,221 

1268,458 

743,416 

27,490 

Placers cubic  yards  of  gravel.. 

404,683 

8,365,560 

963,546 

1,039,364 

LOBE  MININa. 

Seventeen  gold-lode  mines  and  five  prospects  were  operated  in 
1920  and  produced  gold  worth  $4,473,687.  Twenty-three  gold-lode 
mines  and  two  prospects  were  operated  in  1919  and  produced  gold 
worth  $4,392,237.  This  increase  came  entirely  from  the  gold  mines 
of  southeastern  Alaska,  as  the  output  from  all  the  other  districts 
declined.  It  is  not  likely  that  the  output  from  the  low-grade  mines 
of  the  Juneau  district  will  be  maintained,  and  unless  there  is  an 
increase  elsewhere  the  gold-lode  output  of  Alaska  probably  will  be  less 
in  1921  than  it  was  in  1920.  There  is  most  hope  for  an  increase  from 
the  Willow  Creek  district,  where  a  large  consolidation  of  mines  was 
made  in  1920,  and  operations  on  a  larger  scale  than  heretofore  are  to 
be  expected. 
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OM  and  tQver  produeedfrmn  gold-lode  mtnet  in  AUuika^  19fO,  by  duineU. 


Mtasi 
oparatad. 

Orandned 
(abort 
tons). 

OaU. 

aiifw. 

Afar^w 
▼ataiaper 

Dytriet. 

Quantfty 

(fine 
ouneas). 

Value. 

Quantity 
(flna 

Vahie. 

ton  of  ore 
in  gold 

and 
sUtv. 

Bootheastem  AlMka. 

8 
3 

•  2 
»4 

3,400,197 

2,8S0 

504 

1.165 

210,536 

3,067 

067 

1.844 

$4,352,165 
63,400 
30,000 
38,122 

114,621 
146 
164 

Ul,361 

$124,066 

158 

178 

143,186 

$1.31 

Willow  Crwk 

22.30 

Fairbanks  district 

40.03 

OtlMT  district* 

155u63 

17 

3,413,716      216,414 

4,473,687 

246,282 

268,458 

1.30 

a  In  addition  a  small  tonnace  of  ore  was  produced  from  5  prospects. 

fr  Incliides  1  small  mine  in  Kantisbna  district,  l  in  McKiiuey  olstriet,  and  2  in  Kenal  Peninsula. 

Of  the  eight  mmes  m  southeastern  Alaska  only  four  made  a  large 
output,  that  of  the  other  four  being  only  incidental  to  development 
work.  The  reduction  in  the  number  of  producing  mines  in  the  Wil- 
low Creek  district,  from  five  in  1919  to  three  in  1920,  was  due  to  a 
combination  of  three  properties  which  are  to  be  worked  as  a  unit,  and 
there  was  an  actual  output  from  only  one  of  these  properties.  In 
1920,  as  in  1919,  little  work  was  done  on  the  gold  lodes  in  the  Fair- 
banks district,  for  the  owners  of  the  mines  in  this  district  are  awaiting 
cheaper  operating  costs  before  continuing  developments.  The  great 
increase  in  the  silver  ouput  of  the  lode  mines,  as  indicated  by  the 
above  table,  is  to  be  credited  to  the  small  mine  in  the  Kantishna 
district,  whose  principal  ore  is  galena  carrying  a  high  percentage  of 
silver.  For  many  years  the  average  value  per  ton  of  ore  of  the  gold 
and  silver  recovered  from  Alaska  siliceous  ores  was  about  $2.80. 
This  high  value  was  due  to  the  preponderance  of  the  metals  in  the  ore 
produced  from  the  mines  of  the  Treadwell  group.  When,  in  1915 
and  1916,  the  output  of  the  lower-^ade  ores  of  the  Perseverance 
and  Alaska  Juneau  nunes  began  to  be  larger,  the  value  of  the  average 
recovery  fell  below  $2  per  ton,  and  the  value  was  still  further  reduced 
when  two  of  the  Treadwell  mines  closed  in  1917.  The  average 
value  per  ton  of  ore  of  the  gold  and  silver  mined  in  Alaska  in  1919  was 
$1.38,  and  the  average  value  in  1920  was  $1.39. 

One  of  the  most  encouraging  features  of  lode  minii^  in  southeastern 
Alaska  is  the  work  being  done  on  Chichagof  and  Admiralty  islands, 
where  promising  auriferous  lodes  are  being  developed.  The  advances 
in  lode  mining  made  in  the  Willow  Creek  district  have  already  been 
referred  to.  The  Cli£P  and  possibly  the  Granite  lode  mine  of  Prince 
William  Sound  may  again  be  productive  in  1921. 

FLAOBB  MZNING. 

During  41  years  of  mining  Alaska  has  produced  gold  to  the  value 
of  $320,000,000,  and  $217,885,000  of  this  amount  is  to  be  credited 
to  her  placer  mines.    For  reasons  already  discussed  less  placer 
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milling  was  done  in  1920  than  in  1919,  and  the  profits  on  actual 
operations  were  also  less.  Though  the  general  fall  of  prices  will 
eventually  benefit  the  Alaska  placer  mines,  yet  it  is  not  likely  to 
prevent  a  further  decline  of  the  industry  in  1921.  Except  the 
installation  of  some  dredges  no  new  large  placer-mining  projects  are 
definitely  under  way.  Investigations  of  large  bodies  of  gold-bearing 
gravel  are,  however,  being  made  in  several  districts,  and  if  these 
result  in  mining  operations  a  revival  of  the  industry  is  assured. 
Meanwhile  any  lowering  of  operating  costs  by  cheaper  freight  rates 
and  cheaper  supplies  will  quicken  the  mining  activities  of  the  smaller 
operators.  It  can  not  be  too  strongly  emphasized  that  the  enormous 
alluvial  gold  reserves  of  Alaska  *  give  every  assurance  of  the  eventual 
revival  of  placer  mining.  In  the  following  table  a  comparison  is 
made  between  the  condition  of  the  placer-mining  industiy  in  1920 
and  its  condition  in  1919: 

Alaska  placer  mining^  1919  and  1920. 


Number  of  mines. 

Number  of  miners. 

Value  of  gold 
produced. 

Decrease 

BflStan* 

Summer. 

Winter. 

Winter. 

1919 

1930 

or 

Increase, 

1920. 

1919 

1990 

1919 

1990 

1919 

1990 

1919 

1900 

Southeastern  and 
southwestern 
Alaska 

14 

18 

21 
274 

20 

103 

16 

18 

19 

27 
273 

82 

112 

7 

89 

118 

81 
1|246 

101 
866 

40 

18 

94 

70 
1,130 

126 

640 

10 

630,000 

186,000 

110,000 
2,910,000 

360^000 

1,360,000 

36,000 

$10,000 

300,000 

65,000 
1,996,000 

806,000 

1,300,000 

8^000 

—320,000 
+  15,000 

-  56,000 
-915,000 

-  46,000 
-60,000 

-  17,000 

Oopper  River  re- 
gion  

CodE   Inlet   and 
Sufritna  mdon . . 

« 

Yukon  basin 

Kuskokwlm    re- 
gloo 

Seward  Peninsula 

70 

2 

10 

60 
...... 

6 

266 

3 
60 

2n 

9 

406 

488 

88 

82 

2,177 

1,967 

318 

3U     4,970,000 

8,873,000 

1,097,000 

The  above  table  shows  that  there  was  a  decrease  of  about  22  per 
cent  in  the  value  of  the  output  of  placer  gold  in  1920  as  compared 
with  1919,  and  also  that  the  chief  loss  was  in  the  Yukon  camps, 
where  the  decrease  was  31  per  cent.  It  also  indicates  that,  measured 
by  production,  the  districts  on  Seward  Peninsula  were  the  most 
prosperous.  A  still  greater  decrease  in  the  output  of  placer  gold 
from  Alaska  is  to  be  expected  in  1921.  The  record  of  488  placer 
mines  operated  in  the  summer  of  1920  and  82  in  the  previous  winter 
somewhat  exaggerates  the  activity  of  the  industry.  These  totals, 
like  those  given  in  all  previous  reports,  include  every  placer-mine 
operation  of  the  year,  no  matter  how  small,  and  among  them  are  many 
whose  output  for  the  year  amounted  to  only  a  few  hundred  dollars. 
About  150  mines  were  operated  in  the  summer  of  1920  and  20  mines 

*  Brooks,  A.  H.,  Tbe  future  of  Alaska  Biining:  U.  B.  QeoL  8ur^«f  Bull.  n4,  pp.  7-11, 1931. 
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in  the  previous  winter  that  produced  less  than  $1,200  worth  of  gold 
p^  mine.  The  total  value  of  the  gold  produced  by  these  mines 
was  $95,000,  and  they  employed  about  230  men.  Sufficiently  com- 
plete returns  have  been  received  from  100  of  these  mines  to  permit 
the  analysis  of  their  operations  presented  in  the  following  table : 

Operatiofu  ofamall  gold^placer  mines  in  Alaska  in  19t0, 
[Indudes  only  mines  whoM  gold  output  for  the  year  was  $1,900  or  tees.) 


Region. 


Southeastern  AliAa,  Coraer 
River,  and  Susitna  River  oIb- 
tricts 

Yukon  and  Kuskokwlm  dia- 
tricta , 

Seward  Peninsula  and  Kobuk 
districts 


Number 
of  mines 

Qonr 
sidered. 


16 
67 
18 


100 


Number 
of  men 

em- 
ployed. 


23 

27 


136 


Average 
number 
ofdm' 

work 
per  man. 


45 
76 
50 


67 


Average 

number 
of  cubic 
3rardsof 
gravel 
mined 
per  man 
per  day. 


7.4 
4.8 
5.8 


6.3 


Value  of  gold  recovered— 


Per  cubic 
yard. 


SLOB 
1.10 
1.37 


1.13 


Per  man 
per  day. 


S7.68 
6.28 
7.02 


Per  man 
for  the 


4.04 


1343 

401 
306 


308 


About  70  per  cent  of  these  operations  consisted  of  development  work 
on  placer  deposits,  which  are  expected  to  yield  satisfactory  returns  at 
some  future  time,  when  the  economic  conditions  are  more  favorable 
or  better  equipment  can  be  obtained.  Some  placer  gold  was  re- 
covered during  this  work.  The  other  30  per  cent  of  these  opera- 
tions consisted  of  mining  small  and  rich  pockets  of  gold-bearing 
gravel  exploited  by  ''snipers"  or  ''pocket  hunters"  solely  to  obtain 
an  immediate  livelihood.  Many  millions  of  dollars'  worth  of  gold 
has  been  won  by  this  kind  of  mining.  The  richest  field  of  the 
sniper  was  the  beach  placers  of  Nome  in  1899  and  1900.  The  bars 
of  Fortymile  River  have  been  yielding  returns  to  the  sniper  since 
their  discovery  in  1886.  In  recent  years,  however,  no  new  fields 
for  the  sniper  have  been  found,  and,  as  the  above  table  shows,  his 
returns  have  been  very  meager.  Unless,  new  bonanzas  are  found 
mining  of  this  kind  must  therefore  inevitably  cease,  except  in  so  far 
as  it  may  be  done  by  men  who  obtain  their  principal  support  from 
some  other  work. 

As  shown  above,  the  average  return  to  the  small  miner  in  1920 
was  only  $398.  A  careful  estimate,  based  on  retail  prices  at  Fair- 
banks, shows  that  the  cost  of  a  yeair's  provisions  for  one  man  in  1920 
was  $420.  Supplies  are  considerably  cheaper  in  the  districts  nearer 
the  coast  but  are  much  higher  in  the  isolated  camps  than  at  Fairbanks. 
A  year's  provisions  for  a  man,  including  only  necessities,  wiU  probably 
cost  from  $300  to  $500,  and  will  average  above  $398.  The  returns 
in  gold  from  these  small  mines  are  therefore  not  paying  the  cost  of 
the  provisions  consumed. 
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This  loss  is  in  paft  offset  by  the  fact  that  the  miner  works  on  the 
average  only  67  days  a  year;  living  in  a  cabin  built  by  himself  he  pays 
no  rent,  and  his  fuel,  which  is  wood,  he  obtains  for  the  labor  of  cutting 
it.  In  most  places  his  provisions  are  helped  out  by  fish  and  game, 
and  he  may  be  able  to  raise  his  potatoes  and  other  vegetables. 
Furthermore,  many  small  miners  get  a  much  larger  return  from  fur 
himting  in  winter  than  from  Twining  in  stmmier.  In  estimating  the 
number  of  days'  work  it  should  be  noted  that  the  small  miner  must 
spend  a  certain  number  of  days  each  year  in  transporting  his  supplies 
from  the  nearest  trading  post,  in  cutting  his  fuel,  in  building  cabins, 
in  making  sluice  boxes,  and  in  doing  other  work,  none  of  which  is 
included  in  the  average  67  days  of  mining.  Taking  tc^ether  the 
time  devoted  to  mining  and  to  the  work  just  mentioned,  the  average 
small  miner  will  probably  not  be  employed  more  than  half  the  year. 
If,  therefore,  he  can  find  remunerative  occupation,  such  as  trapping 
or  cutting  wood  during  the  rest  of  the  year  he  may  still  make  a  fair 
income,  and  if  he  is  developing  a  mineral  deposit  that  will  give 
good  profits  in  the  future  he  may  be  bettering  himself  economically. 

The  increased  cost  of  supplies  is  a  serious  hardship  to  the  small 
operator.  It  not  only  reduces  the  net  returns  on  mining  his  own 
claim,  but  by  reducing  the  larger  operations  it  prevents  his  finding 
employment  with  the  mining  companies.  It  is  probably  safe  to  esti- 
mate that  the  cost  of  clothing,  traveling,  tools,  etc.,  added  to  that  of 
provisions,  will  bring  the  average  annual  expense  of  the  Alaske. 
miner  up  to  $700  or  $800.  It  will  therefore  be  necessary  for  him  to 
earn  an  additional  sum  of  money  at  least  equal  to  the  return  from 
his  mine,  taken  as  the  average  return  of  1920.  The  returns  for  1920 
(see  table. above)  show  th&t  he  is  mining  placers  whose  value  is  only 
$1.13  a  cubic  yard,  and  he  is  mining  an  average  of  5.3  cubic  yards  a 
day,  which  gives  him  an.  average  daily  wage  of  $5.94.  If  he  is  to 
obtain  his  actual  living  expenses  from  mining  alone  he  must  confine 
his  efforts  to  deposits  which  carry  at  least  $2  worth  of  gold  to  the 
cubic  yard,  which  wiU  give  him  a  daily  wage  of  $10  and,  with  an 
average  of  67  working  days,  an  annual  return  of  $670. 

If  the  small  mines  as  defined  above  and  the  gold  dredges  are  ex- 
cluded the  summer  placer  mines  operated  in  1920  numbered  317, 
employing  1,832  men,  and  the  winter  placer  mines  numbered  62,  em- 
ploying 278  men.  In  these  winter  placers  the  gold-bearing  gravel 
is  thawed  in  winter  and  is  sluiced  after  the  siunmer  thawing.  The 
total  value  of  the  gold  recovered  by  placer  mining  was  $1,478,068. 
The  gold  and  silver  output  of  placer  mines  by  regions  is  shown  in  the 
following  table: 

e3963**— 22 2 
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Odd  and  nlver  produadfrom  pUeer  mtna  in  Akuka^  1920^  by  regiom. 


Segkxn. 


Sauthcasteni  and  soathwestem 

Alaska 

Ck^per  River  recloii 

Coos  Inlet  and  Susttna  region . . 

Yukon  basin 

Kuskokwim  region. 

Seward  Peninsula 

Kobok  region 


Gold. 


Qoaatity 

(fine 
oiuioes). 


483.76 

9,074.00 

2,06a  02 

90,608.08 

14,764.36 

62,887.49 

387.00 


187,306.29 


Vahie. 


«10,000 

200,000 

66,000 

1,996,000 

306,000 

1,300,000 

8,000 


8,873,000 


Silver. 


Quantity 

(fine 
aQnoes). 


88.27 

1,014.78 

397.00 

12,906.46 

3,902.98 

6,813.06 

44.47 


25,221.04 


Valoe. 


991 

1,106 

432 

14,008 

4,320 

7,426 

48 


27,400 


Oravei 
mined 
(eaUe 
yards). 


2,760 

160,000 

78,000 

1,272,924 

131,900 

1,792,100 

2,300 


3,439,974 


per 
cubic 
yard. 


S3u04 
L25 

.70 
1.57 
2.81 

.73 
3.47 


1.13 


The  following  table  shows  approximalely  the  total  bulk  of  gravel 
mined  annually  since  1907  and  the  value  of  the  gold  recovered  per 
cubic  yard.  This  table  is  based  in  part  on  returns  made  by  operators 
of  placer  mines  and  in  part  or  known  facts  or  assumptions  concerning 
the  richness  of  the  gravels  in  the  several  districts.  Although  the 
table  is  thus  in  part  an  estimate  it  is  probably  nearly  correct. 

Gravel  sluiced  in  AUukan  placer  mines  and  value  of  gold  recovered,  1908-1990, 


Year. 


1908 
1900 
1010 
1911 
1912 
1913 
1914 


Value  of 

Total  quan- 

gold re- 

tity of  gravel 
(cubic  yards). 

covered 

per  cubic 

yard. 

4,275,000 

83.74 

4,418,000 

3.66 

4,086,000 

2.97 

6,790,000 
7,060,000 

2.17 

1.70 

0,800,000 

1.67 

8,  £00,000 

1.20 

Year. 


1915 
1916 
1917 
1918 
1919 
1990 


Total  quan- 
tity of  gravel 
(cubic  3rards). 


8,100,000 
7,100,000 
7,000,000 
4,931,000 
4,548,000 
3,430,974 


Value  of 
gold  re- 
covered 
per  cubic 
yard. 


81.20 
1.57 
1.40 
1.20 
1.10 
1.13 


The  table  shows  that  from  1908  to  1914  there  was  a  decline  in  the 
average  gold  content  of  the  gravels  mined.*  This  decline  reflects  the 
improved  methods  of  placer  mining  that  have  been  introduced,  more 
especially  the  increase  in  the  use  of  dredges,  which  is  brought  out  in 
the  following  table: 

Relation  of  recovery  of  placer  gold  per  cubic  yard  to  proportion  produced  by  dredges. 


Peroent- 
afeof 
placer 
gold  pro- 
duced by 
dredges. 

Recovery  per  cubic  yard. 

Dredges. 

Mines. 

All 
plaoeR. 

1911 

13 
18 
21 
22 
22 
24 
20 
24 
27 
29 

80.00 
.06 
.64 
.53 
.51 
.00 
.68 
.67 
.77 
.09 

88.30 
2.08 
8.11 
2.07 
2.33 
2.04 
8.21 
L84 
1.81 
1.53 

82.17 

1912 

1.70 

1913 

1.57 

1914 

1.26 

1916 

1.20 

1910 

1.57 

1917 

1.40 

1918  

1.20 

1919  

1.10 

1920 

1.13 
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TTie  22  dredges  operated  in  1920  employed  crews  numberiog  145 
men.  Two  of  these  dredges  were  in  the  Fairbanks  district,  2  in  the 
Iditarod,  1  in  the  Mount  McEjtiley  (McOrath)  district,  and  17  in 
Seward  Peninsula.  The  average  gold  recoreiy  of  the  5  Yukon  and 
Kuskokwim  dredges  was  94  cents  per  cubic  yard,  and  that  of  the 
Seward  Peninsula  dredges  was  48  cente  per  cubic  yard.  The  inland 
dredges  were  operated  for  an  average  of  170  days,  and  the  longest 
season  was  that  in  tbe  Iditarod,  which  ran  for  196  days.  The  Seward 
Peninsula  dredges  were  operated  for  an  average  of  66  days,  and  the 
longest  season  for  any  one  dredge  was  96  days. 


Oold  produced  j>y  dredge  mmmg  in  Abuta,  1903-1910. 
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COPPER. 

The  copper  output  of  Alaska  was  70,435,363  pounds,  valued  at 
$12,960,106,  in  1920,  and  47,220,771  pounds,  valued  at  $8,783,063, 
in  1919.  This  increase  is  to  be  credited  almost  entirely  to  3  mines 
of  the  Kenuecott  group,  in  the  Chitina  basin,  and  the  Beatson  mine, 
on  Prince  William  Soimd.  Eight  copper  mines  were  operated  pro- 
ductively in  1920  as  compared  with  11  in  1919.  Of  the  productive 
mines,  2  on  Prince  William  Sound  were  under  development  and 
recovered  only  small  amounts  of  ore  incidentally.  The  total  copper 
output  shown  in  the  following  table  includes,  in  addition  to  that  of 
the  copper  mines,  some  copper  won  from  ores  mined  chiefly  for  other  ' 
metal. 
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OtUpul  of  AUuta  copper  minef  in  19t0^  by  dUtricU. 


District. 


Mines 
opw- 


KetcfaUnna 

Chltlnaft 

PriBoe  WUllun  Sound. 


2 
2 
4 


Ore 

(tons). 


c  296,473 
454, 5M 


8 


76^005 


Copper. 


Quantity 
(poonds). 


(TTaiSS 
66^  9^  MO 


70^435^363 


Value. 


|ia3»3Q6 

ia3QB»fiao 

2,533,230 


12,06^106 


Gold. 


Quantity 

(fine 
ounces). 


012.72 


012.72 


Value. 


fl£;868 


18^868 


SUver. 


Quantity 

(fine 
ounces).  | 


Value. 


5^313 
557,553 
liS^  167 


I&701 
607,733 
120,802 


681^083  !  743,416 


a  Indndes  some  copper  shipments  from  other  parts  of  Alaska. 
6  Kennecott  Conner  Corporation  Annual  Report  for  1^0. 
c  Indudes  a  small  amount  of  placer  coppor. 

The  average  copper  content  of  the  ore  mined  in  1920  was  4.6  per 
cent.  The  ores  yielded  an  average  of  $0,025  in  gold  and  $0.97  in 
silver  to  the  ton.  The  average  yield  for  1919  was  4.8  per  cent  copper, 
$0,129  in  gold,  and  $1.11  in  silver.  The  large  reduction  in  the  aver- 
age gold  content  of  the  ores  mined  in  1920  as  compared  with  those 
nuned  in  previous  years  is  due  to  the  closing  of  the  Ellamar  mine, 
whose  ores  carried  much  gold. 

Of  the  total  copper  ore  mined  in  Alaska  in  1920,  96  per  cent,  or 
732,549  tons,  was  treated  by  oil  flotation,  yielding  80,342  tons  of 
concentrates,  which  averaged  32  per  cent  of  copper.  Most  of  the 
copper  ore  mined  in  1920  was  shipped  to  the  Tacoma  smelter,  but  a 
part  of  that  nouined  in  southeastern  Alaska  was  treated  at  the  Anyox 
smelter,  in  British  Columbia. 

Copper  produced  in  Alaska,  lS80-19iO. 


Year. 


1880... 

1901 .. . 

1002... 

1903.. 

1904.. 

1905.. 

1906.. 

1907.. 

1008.. 

1900... 

1010... 

1911.. 

1012... 

1013.. 

1014.. 

1015.. 

1016.. 

1917.. 

1018.. 

1010.. 

1020.. 


Ore 
mined 
(tons). 


040,000 


52,100 

105»728 

98,027 

51,500 

34,660 

39,365 

68,075 

93,452 

135,756 

153,605 

369,600 

617,264 

660,957 

722,047 

402,644 

766,005 


4^501,703 


Copper  produced. 


Qnantitv 
(pounds). 


3,933 

250,000 

360,000 

1,200^000 

a^043»586 

4,805,236 

^  871, 811 

6,308^786 

4,586^362 

4,124^705 

4^241,689 

27, 287;  878 

29,230^491 

21,650,058 

21,450^628 

86,509,312 

119,854,839 

88,793,400 

69,224,951 

47,220^771 

70,435,363 


615, 442;  609 


Value. 


3826 

40^000 

41,400 

156,000 

275^676 

749,617 

1,133^260 

1,261,757 

605^267 

536,211 

688^695 

3,408,485 

4^  823;  081 

3,357,283 

t  852, 934 
130,129 
29^484^391 
24,24^596 
17,098,563 
8,783,063 
12,060^106 


127,486^202 


0  Estimated. 
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In  1920,  as  in  previous  years,  the  Rush  &  Brown  copper  mine  was 
the  largest  copper  producer  in  southeastern  Alaska.  Copper  was 
produced  also  at  the  Salt  Chuck  mine,  better  known  for  its  produc- 
tion of  palladium.  Relatively  little  prospecting  and  no  considerable 
development  work  was  done  on  the  copper  deposits  of  southeastern 
Alaska.  The  three  large  mines,  the  Bonanza,  Jumbo,  and  Mother 
Lode,  were  the  only  producing  mines  of  the  Chitina  district  in  1920, 
and  no  considerable  developments  were  made  at  other  mines.  Some 
alluvial  copper  was  produced  incidentally  to  gold-placer  mining  in 
the  Nizina  district.  On  Prince  William  Soimd  the  Beaton  mine  was 
the  only  property  operated  systematically  throu^out  the  year. 
The  most  notable  advances  were  made  at  the  Girdwood  mine,  where 
systematic  underground  and  surface  work  was  continued  during 
much  of  the  year.  Small  developments  were  continued  at  the 
Schlosser  and  Mcintosh  mines  through  a  part  of  the  year. 

The  above  review  shows  that  the  Alaska  copper-mining  industry  is 
in  a  rather  discouraging  situation  in  spite  of  the  relatively  large  out- 
put of  the  metal  in  1920.  Except  possibly  in  Prince  William  Sound, 
no  large  amount  of  work  was  done  during  the  year  in  opening  new 
ore  bodies.  The  falling  copper  market  and  certain  local  conditions 
have  discouraged  the  launching  of  any  new  enterprises.  Not  only 
will  the  copper  output  of  1921  be  far  less  than  that  of  1920,  but  prob- 
ably several  years  will  pass  before  any  new  large  copper-mining 
ventures  will  be  under  way. 

The  lead  produced  in  Alaska  in  1920  amounted  to  875  tons,  valued 
at  $140,000,  as  compared  with  687  tons,  valued  at  $72,822,  in  1919. 
In  1920,  as  in  other  years,  most  of  the  lead  output  was  a  by-product 
derived  from  the  gold  ores  of  the  Juneau  district.  The  increase  in 
1920  over  1919  was  derived  largely  from  galena  ore  mined  in  the 
Kantishna  district. 

The  recent  development  of  rich  silver-lead  ores  in  the  Mayo  dis- 
trict* of  the  Yukon  Territory,  about  100  miles  east  of  Dawson,  has 
started  a  search  for  similar  deposits  on  the  Alaska  side  of  the  boun- 
dary, not  because  of  the  lead  content  of  the  ore  but  because  of  the 
recent  high  price  of  silver.  Galena  ores  are  rather  widely  distributed 
in  Alaska,  but  no  large  deposits  have  been  found.  Though  some 
work  was  done  on  a  number  of  Alaska  galena  deposits  in  1920,  which 
will  be  referred  to  in  the  review  by  districts,  to  follow  (pp.  43-54), 

only  one  mine,  in  the  Kantishna  district,  shipped  any  ore. 

I  -  -  -  -         .        —  .         ■■■         ■■    .  --- 

4  Cockfleld,  W.  E.,  The  Mayo  area,  Yukon:  Canada  Oeol.  Survey  Summary  Bept.,  1918,  pp.  1B-22B, 
Ottawa^  1019. 
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Lead  jproduced  in  Aloiha,  tSBt-lBtO, 


Year. 


1808 
18BB 
18M 
IflM 
18B6 

van 

18B6 

vm 

1900 
1001 
1008 
1008 
1004 
1005 
1005 
1007 


Quantity 
(tens). 


ao 

40 
35 
80 

ao 

30 

ao 

35 
40 
40 
30 
30 
30 
30 
30 
30 


VafaM. 


1' 

i 

a. 

8, 
3, 
3, 
3, 

I 

I: 
I: 


400 
040 
310 
380 
800 

leo 

340 
150 
440 
440 
460 
580 
580 
880 
480 
180 


1008 
1000 
1010 
1911 
1918 
1913 
1014 
1015 
1016 
1017 
1018 
1010 
1080 


Qnnttty 

(tona). 

ValoBu 

40 

83,a80 

60 

5,034 

75 

6,000 

51 

4,500 

45 

4,OS0 

6 

588 

38 

1,344 

437 

41, 118 

880 

113,160 

868 

14A,584 

564 

80,088 

687 

73,822 

875 

140,000 

5,050 

663,858 

TIN. 

The  tin  mines  of  Alaska  produced  26  tons  of  ore,  containing  32,000 
pounds  of  tin,  yalued  at  $16,112,  in  1920,  as  compared  with  86  tons 
of  ore,  containing  112,000  pounds  of  tin,  valued  at  $73,400,  in  1919. 
This  decrease  of  output  was  due  largely  to  the  fact  that  in  1920  only 
one  tin  dredge  instead  of  two,  as  in  1919,  was  operated  in  the  York 
district  of  Seward  Peninsula,  which  is  the  only  important  tin-pro- 
ducing area  in  Alaska.  None  of  the  tin  mined  in  1920  was  marketed 
before  the  end  of  the  year.  In  the  York  district  the  American  Tin 
Mining  Co.  operated  its  dredge  on  Buck  Creek  from  July  to  October. 
Some  open-cut  mining  was  done  with  pick  and  shovel  on  Goodwin 
Creek.  During  the  winter  of  1919-20  about  20  men  were  employed 
in  developing  the  Lost  River  tin  mine,  on  Cassiterite  Creek.  A  250- 
foot  incline  was  sunk  on  the  tin-bearing  dikes  from  a  station  on  the 
lower  tunnel.    Work  was  suspended  in  May,  1920. 

It  is  reported  that  the  tin  placers  of  Grouse  Creek  have  been  worked 
out  and  that  at  the  present  rate  of  mining  the  placers  of  Buck  Creek 
may  be  exhausted  in  about  five  years.  Meanwhile  sufi&cient  pros- 
pecting has  been  done  on  other  creeks  to  give  reasonable  assurance 
that  the  tin  production  will  be  maintained.  Tin-bearing  gravels 
have  been  prospected  on  Potato  Creek  and  on  Goodwin  Creek  and 
its  tributary,  Percy  Gulch,  flowing  northward  to  the  Arctic  Ocean, 
as  well  as  on  Cape  Creek,  flowing  southward  to  Bering  Sea.  Tin  has 
been  found  on  other  creeks  in  the  district,  but  on  these  creeks  the 
prospecting  is  said  to  have  developed  some  good  dredging  ground, 
and  plans  to  install  dredges  on  them  are  under  consideration. 

Though  the  only  mines  exploited  solely  for  tin  were  the  two  in  the 
York  district,  7  of  the  Yukon  gold-placer  mines  reported  the  recovery 
of  some  tin.  Of  these  6  were  in  the  Hot  Springs  district  and  1  in  the 
Buby  district. 


THE  ALASKAN  MIKING  INDUBTBT  IN  1920. 
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Tin  produced  in  Alaskay  1902-1920. 


Year. 


1908 
19GB 
1904 
1906 
1906 
1907 
\9f» 
1909 
1910 
1911 
1912 


Quantity  (tons). 

Value. 

Ore. 

MetaL 

25 

15 

S8,000 

41 

25 

14,000 

23 

14 

8,000 

10 

6 

4,000 

57 

34 

38,640 

37.6 

22 

16,752 

42.5 

25 

15,180 

19 

11 

7,638 

16.5 

10 

8,335 

98.6 

61 

52,798 

194 

130 

119,600 

Year. 


1913 
1914 
1915 
1916 
1917 
1918 
1919 
1980 


Quantity  (tons). 


Ore. 


98 

167.5 
187 
232 
171 
104.5 

86 

26 


i,ooao 


MetaL 


50 

104 

102 

139 

100 

68 

56 

16 


968 


Value. 


S44,103 

66,560 

78,846 

121,000 

123,300 

118,000 

73,400 

16,112 


984,204 


PLATINUM  METALS. 

The  output  of  platinum^  palladium^  and  other  metals  of  the  plati- 
num group  in  Alaska  in  1920  is  estimated  at  1^476.97  ounces,  valued 
at  $160,117,  as  compared  with  569.25  ounces,  valued  at  $73,663,  in 
1919.  In  1920,  as  in  previous  years,  the  lai^er  part  of  the  output 
was  from  the  copper-palladium  ore  of  the  Salt  Chuck  mine,  in  the 
Ketchikan  district.  An  output  of  platinum  minerals  was  reported 
by  7  gold  placer  mines  in  1920.  Four  of  these  were  in  the  Kojnik 
district  and  one  in  the  Fairhaven  district  of  Seward  Peninsula. 
Two  placer  mines  in  the  Chistochina  district  of  the  Copper  River 
basin '  produced  platinum  in  1920.  The  lai^est  output  of  placer 
platinum  was  made  on  Dime  Creek,  in  the  Koyuk  district,  and  on  Slate 
Creek,  in  the  Chistochina  district.  The  bedrock  source  of  the  alluvial 
platinum  has  not  yet  been  definitely  determined.  The  total  pro- 
duction of  platinum  metals  in  Alaska  since  they  were  first  saved,  in 
1916,  is  given  in  the  following  table: 

Platinum  metals  produced  in  Alaska^  191&-1990, 


m 

Quantity. 

Year. 

Crude 
ounces. 

Fine 
ounces. 

Value. 

1916 

12.0 

81.9 

301.0 

579.3 

1,493.4 

8.33 

63.40 

284.00 

509.62 

1,478.97 

$700 

1917 

6,500 

1918 

36,000 
73,668 

1919 

1920 

160,117 

3,460.9 

2,394.22 

276,580 

QUICKSILVER. 

Productive  mining  was  continued  in  a  small  way  at  the  Parks 
cinnabar  mine,  the  only  one  in  Alaska  that  has  yet  made  an  output. 
This  mine  is  on  the  north  bank  of  Kuskokwim  River  about  16  miles 
above  Georgetown. 
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In  1919  a  cinnabar-bearing  lode  was  discovered  in  the  headwater 
region  of  Iditarod  River,  a  tributary  of  the  Yukon.  This  deposit  is 
said  to  be  on  Montana  Creek,  formerly  called  Moose  Creek^  35  miles 
south  of  the  town  of  Iditarod.  Though  it  is  on  the  Yukon  side  of 
the  watershed,  the  place  appears  to  be  only  about  10  miles  in  a  direct 
line  from  the  Kuskokwim.  A  trail  about  15  miles  long  has  been  built 
from  the  Kuskokwim  at  the  mouth  of  Crooked  River  to  the  deposit. 
Claims  are  under  development  by  the  Fidelity-Kuskokwim  Quick- 
silver Co.,  which  is  said  to  have  shipped  about  60  tons  of  supplies, 
including  retorts,  during  the  summer  of  1920.  The  undei^ground 
development  consists  of  a  50-foot  shaft,  said  to  reveal  an  ore  body 
of  considerable  size.  The  deposit  has  not  been  examined  by  any 
member  of  the  Geological  Survey,  but  it  is  probably  of  the  same 
general  type  as  that  found  in  the  Iditarod  district,^  to  the.  north, 
though  it  is  reported  to  be  much  larger. 

This  newly  discovered  lode  and  the  cinnabar  deposits  previously 
found  are  distributed  over  a  considerable  area,  and  cinnabar  is  not 
unconmion  in  the  gold  placers  of  this  general  region.  This  rather 
wide  distribution  of  quicksilver  ore  augurs  well  for  future  discoveries, 
especially  as  but  little  prospecting  has  been  done  for  cinnabar. 
Though  most  of  the  cinnabar-bearing  lodes  found  thus  far  are  too 
small  to  be  of  value  yet  there  is  good  hope  of  finding  commercially 
valuable  bodies  such  as  that  on  Montana  Creek  is  reported  to  be. 

MISCEIiliAKEOUS  METALS. 

Antimony  ore  (stibnite)  was  mined  at  several  places  in  Alaska 
during  the  World  War,  when  the  price  of  the  metal  was  high.  A 
total  of  2,492  tons  of  stibnite  ore,  valued  at  $237,500,  was  mined  in 
Alaska  during  1916,  1917,  and  1918.  No  antimony  was  mined  in 
the  Territory  in  1920.  The  only  developments  reported  were  on  the 
Norvill  property,  in  Chicken  Creek  valley,  in  the  Fortymile  district. 
No  timgsten  has  been  mined  in  Alaska  since  1918.  It  is  reported 
that  a  deposit  of  chromite  has  been  developed  on  the  Whitney  & 
Lass  property,  at  Red  Mountain,  near  the  southern  end  of  Kenai 
Peninsula,  and  that  in  the  course  of  the  work  some  ore  was  produced 

The  development  of  the  molybdenite  deposits  near  Shakan,  on 
Prince  of  Wales  Island,  which  has  been  going  on  for  several  years,  was 
suspended  in  1920.  Oscar  Yehring,  of  Jimeau,  discovered  a  molybde- 
nite deposit  near  Glacier  Bay  in  1920.  The  deposit  is  niear  Wood 
Glacier,  about  1^  miles  from  the  beach  and  200  feet  above  tidewater. 

COAL. 

The  output  of  coal  in  Alaska  in  1920  was  61,111  tons,  valued  at 
$355,668;  the  output  in  1919  was  60,674  tons,  valued  at  $343,547. 
Of  the  output  in  1920, 35,044  tons  was  taken  from  the  two  Government 

•  Brooks,  A.  H.,  The  antimony  deposits  of  Alaska:  U.  8.  Oeol.  Survey  Bull.  649,  pp.  47-^,  1916. 
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mines  in  the  Matanuska  field.  Besides  these  two  mines  there  were 
only  three  others  whose  output  for  the  year  exceeded  1,000  tons — 
two  in  the  Nenana  field  and  one  in  the  Kachemak  Bay  field.  lig- 
nitic  coal  for  near-by  use  was  produced  at  five  othec  mines.  The 
largest  output  from  the  small  mines  was  made  at -the  Kugruk  mine, 
in  the  Fairhayen  district,  which  supplied  coal  for  some  placer  opera- 
tions in  its  vicinity.  The  Alaska  school  service  mined  about  200  tons 
of  coal  for  its  use  on  Wainwright  Inlet,  north  of  Cape  Lisbume.  Ten 
mines,  large  and  small,  were  operated  during  the  year,  employing  207 
men  for  an  average  of  240  days. 

Work  at  the  Eska  mine,  in  the  Matanuska  field,  was  continued  on 
about  the  same  scale  as  in  previous  years,  to  obtain  coal  for  the  Gov- 
ernment railroad  and  for  some  of  the  near-by  communities.  The 
mine  was  operated  239  days,  employing  an  average  of  43  men  under- 
ground and  50  men  on  the  surface,  which  gave  a  total  of  8,835  man- 
shifts underground  and  15,609  man-shifts  on  the  surface.  There 
were  195  days  lost  owing  to  sickness,  and  the  mine  was  closed  73  days 
on  account  of  a  strike. .  A  total  of  3,633  feet  of  gangways,  etc.,  were 
driven  in  1920,  making  5,337  feet  in  all.*  The  resident  engineer,  S.  S. 
Smith,  reports  that  the  cost  of  mining  coal  was  about  $6  a  ton  in  1920, 
compared  with  $5  in  1919  and  $4.66  in  1918,  and  that  the  increase  in 
cost  was  due  to  an  increase  of  32  per  cent  in  the  wages  of  miners,^  the 
reduced  output  on  account  of  the  strike,  a  longer  haul  undergrotmd, 
and  the  greater  cost  of  timber.  The  xmderground  work  consisted 
chiefly  of  mining  coal  beds,  and  but  little  advance  work  was  done. 
The  developed  coal  reserves  are  reported  to  be  about  70,000  tons, 
which  at  the  present  rate  of  mining  is  about  two  years'  supply.  A 
washery  having  a  capacity  of  1,000  tons  is  being  built  and  will  be  com- 
pleted in  1921.  It  will  be  used  for  the  Eska  coal  and  for  any  other 
coal  mined  by  the  Government  along  the  railroad. 

In  the  summer  of  1920  the  Navy  Department  began  systematic 
prospecting  in  the  Matanuska  field  to  find  coal  for  use  by  the  Navy. 
This  work  is  directed  by  the  Alaskan  Naval  Coal  Commission,  of  which 
Conmiander  O.  C.  Dowling  is  chairman.  Simjper  S.  Smith,  resident 
engineer,  has  the  immediate  technical  direction  of  all  the  field  work 
and  has  associated  with  him  as  geologists  Prof.  T.  E.  Savage,  of  the 
University  of  Illinois,  and  Lieut.  W.  P.  T.  Hill,  of  the  Marine  Corps. 
Prospecting  and  underground  exploration  have  been  actively  pushed 
in  the  Chickaloon  and  Coal  Creek  areas,  and  some  examinations  have 
been  made  in  other  parts  of  the  field.  The  results  are  reported  to  be 
encouraging,  notably  in  the  Coal  Creek  area,  but  details  are  not  yet 
available  for  publication.    The  only  other  mining  done  in  the  Mata- 

« Inlonnatlan  on  mining  developments  In  the  Matannska  field  Is  taken  from  "Report  of  the  mining 
department,  Alaskan  Engineering  Commission,  for  1020/*  by  Smnner  8.  Smith,  resident  engineer,  to 
whom  the  writer  is  Indebted  for  an  advance  copy. 

V  Wages  iB  1920,  per  day  of  8  hooiB,  for  skilled  labor  nndeigroimd  were  I8.fl0;  far  unsUUed  labor,  17.90. 
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nuska  field  was  on  the  leasehold  of  the  Eyans  Jones  Coal  Co.,  near 
Eska.  Underground  work  was  started  in  October,  1920,  to  produce 
coal  to  be  sledded  to  the  railroad,  about  1^  miles  distant,  during  the 
winter.    Aboyt  five  men  were  employed  at  the  mine. 

The  Bering  River  Coal  Co.  continued  the  underground  exploration 
and  surface  improvement  of  its  leasehold  in  the  western  part  of  the 
Bering  River  field  throughout  the  year.  An  average  of  20  men  were 
employed  underground  and  20  on  the  surface.  No  coal  has  been 
mined  except  that  incidental  to  the  development  work,  which  sup- 
pUed  the  wants  of  the  mine.  In  all  about  3,500  feet  of  crosscuts  and 
gangways  have  been  driven.  In  1920  a  plank  automobile  road  4 
miles  long  was  constructed,  which  gives  connection  with  scow  navi- 
gation at  tidewater  on  Bering  Lake.  The  company  reports  a  total 
expenditure  of  nearly  $400,000  up  to  the  end  of  1920." 

Some  developments  were  continued  by  the  Alaska  Coal  &  Petro- 
leum Co.  on  its  patented  coal  claim  in  the  eastern  part  of  the  field. 
The  mine  is  connected  with  tidewater  on  Bering  River  by  a  small 
railroad. 

The  McNally  mine,  on  Kachemak  Bay,  previously  operated  under 
a  permit,  is  now  operated  under  a  leasehold,  and  larger  developments 
are  promised.  It  finds  its  principal  market  for  its  lignite  product  in 
the  Cook  Inlet  region. 

The  Healy  River  Coal  Corporation  is  operating  a  small  lignite  mine 
under  leasehold  on  the  west  bank  of  Nenana  River,  opposite  the 
mouth  of  Healy  Fork.  An  adit'  driven  into  the  bank  of  Nenana 
River  a  few  feet  above  water  level  reaches  the  coal  about  200  feet  in. 
An  entry  has  been  driven  on  the  coal  for  about  300  feet.  The  coal  is 
from  5  to  7  feet  thick,  and  the  floor  and  roof  are  of  shale.  The  mine 
was  worked  throughout  the  year  and  employed  about  12  men. 

The  Broad  Pass  Coal  &  Development  Co.  is  operating  \mder  a  per- 
mit a  small  lignite  mine  on  Lignite  Creek,  a  tributary  of  Nenana 
River  from  the  east.  It  is  worked  only  in  winter,  and  the  coal  mined 
is  carried  across  the  Nenana  on  the  ice.  The  coal  bed  is  about  25 
feet  thick  and  lies  nearly  horizontal.  In  1920  the  mine  was  operated 
80  days  and  employed «1 2  men  imderground  and  9  on  the  surface,  in- 
cluding those  who  sledded  coal  to  the  railroad. 

The  coal  produced  in  the  Nenana  field  was  sold  to  the  railroad  and 
in  the  near-by  settlements.  Some  coal  was  shipped  to  Fairbanks, 
where  it  was  sold  in  carload  lots  at  $7  a  ton,  but  it  has  not  yet  there 
superseded  wood  as  the  general  fuel. 

The  above  review  shows  that  the  development  of  the  high-grade 
Alaska  coal  has  not  yet  gone  beyond  the  prospecting  stage.  Indeed, 
the  coal  actually  blocked  out  does  not  exceed  a  few  himdred  thousand 

>  Kenneoott  Copper  Corporation  Ann.  Rept.  kx  1920,  p.  15,  New  York,  1921. 

•  Inftvmation  received  tram  B.  W.  Dyer,  of  the  XT.  S.  Boreaa  of  Mines,  and  tnan  George  Parks,  of  tlie 
Oenend  Land  Offloe. 
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tons,  which;  of  course,  is  not  an  adequate  base  for  a  productive 
industry.  This  is  the  state  of  affairs  after  the  coal  fields  have  been 
open  to  leasehold  for  seven  years,  during  which  only  one  coal  tract 
has  been  systematically  explored  by  private  capital.  There  is  cer- 
tainly a  strong  contrast  between  the  present  actual  conditions 
and  those  foretold  in  the  prophecies  so  freely  made  in  the  conser- 
vation propaganda  a  decade  ago.  Exaggerated  statements  of  the 
value  of  the  Alaska  coals  and  of  the  profits  sure  to  be  realized  by 
their  development  were  then  widely  published  and  were  generally 
accepted  as  true  by  those  who  had  no  technical  knowledge  of  the 
subject  and  who  failed  to  inform  themselves  by  reading  the  official 
publications  then  extant.  At  the  height  of  this  propaganda  every 
Alaska  coal  claimant  was  regarded  by  many  as  a  prospective  mil- 
Uonaire.  After  the  actual  facts  were  recognized  the  pendulum  of 
popular  opinion  swung  toward  the  other  extreme,  and  some  persons 
probably  now  believe  that  any  interest  in  Alaska  coal  lands  is  a 
liability  rather  than  an  asset.  The  truth  lies  between  these  two 
extreme  views. 

The  coal  fields  were  opened  for  leasing  about  at  the  outbreak  of 
the  World  War,  and  the  industrial  and  financial  revolution  attendant 
on  the  war  has  no  doubt  delayed  their  development.  Some  men 
who  attempted  to  develop  leased  tracts  had  neither  the  experience 
nor  the  capital  to  carry  on  the  projects  properly  and  were  soon  dis- 
couraged. The  best  hope  for  profitable  exploitation  of  the  Alaska 
high-grade  coals  is  in  operation  on  a  large  scale,  calling  for  heavy 
investments.  A  great  deal  of  preliminary  undei^ound  exploration 
must  be  done  to  block  out  sufficient  coal  to  justify  the  costly  installa- 
tion of  large  nuning  plants  and,  in  the  Bering  River  field,  the  construc- 
tion of  railroads.  The  conditions  are  in  strong  contrast  to  those 
affecting  the  eastern  coals,  which  lie  horizontal  and  are  undisturbed, 
so  that  only  a  comparatively  few  openings  are  required  to  afford  a 
reliable  estimate  of  the  quantity  of  coal  available. 

In  view  of  the  general  importance  of  the  fuel  problem  on  our 
Pacific  coast  it  will  be  well  to  summarize  briefly  the  essential  facts 
relating  to  the  occurrence  of  the  Bering  River  and  Matanuska  coals, 
even  though  they  may  be  lai^ely  a  repetition  of  what  has  long  been 
published.^®    The  undei^ound  work  of  the  last  few  years  has  revealed 

M  Martin,  G.  C,  and  Katx,  F.  J.,  Geology  and  coal  fields  of  the  lower  Matanuska  Valley,  Alaska:  V.  8. 
GeoL  Survey  BnlL  500, 1012. 

Martin,  G.  C,  and  Mertie,  J.  B.,  Jr.,  Mineral  resources  of  the  upper  Matanuska  and  Nelchina  valleys; 
U.  S.  OeoL  Survey  Bull.  M2,  pp.  378^300, 1014. 

Martin,  G.  C,  Geoloslc  problems  at  the  MatAnuska  coal  mines:  XT.  S.  Qeol.  Survey  Bull.  682,  pp.  260-282, 
1010. 

Chimin,  Theodore,  Mining  developments  in  the  MatBTnnka  ooal  field:  U.  S.  Oed.  Survey  Boll.  713, 
pp.  131-167, 1020;  Mining  developments  in  the  Matanuska  ooal  fields:  TJ.  S.  Oeol.  Survey  Bull.  714,  pp. 
107-100, 1031. 

Brooks,  A.  H.,  The  future  of  Alaska  mining:  U.  S.  Oeol.  Survey  Bull.  714,  pp.  4S-61, 1021. 

Martin,  G.  C,  Geology  and  mineral  resources  of  Controller  Bay  region,  Alaska:  V .  8.  QeoL  Survey  BuU. 
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details  concerning  the  occurrence  of  the  coal  that  were  not  available 
when  the  earlier  reports  were  published.  Those  reports  were  neces- 
sarily based  solely  on  examinations  of  the  outcrops  and  of  the  shallow 
pits  of  their  day.  In  general,  however,  the  conclusions  then  reached 
have  been  confirmed  by  the  underground  developments  of  recent 
years.  For  example,  Martin  "  in  his  report  on  the  Bering  River 
field,  published  13  years  ago,  says: 

The  poflsible  overturned  folds  and  faults  introduce  probleooB  the  aoope  of  which 
can  perhaps  be  determined  only  by  erploration  of  the  seams  in  depth.  It  seems  prob- 
able that  there  are  areas  within  the  field  which  can  not  be  successfully  mined.  These 
must  be  determined  by  careful  surface  prospectiiig,  followed  by  either  boring  or  tun- 
neling at  critical  points. 

It  has  been  known  that  the  fuel  value  of  the  Alaska  coals  leaves 
little  to  be  desired,  though  like  many  others  of  similar  grade  they 
will  require  washing.  .  The  friability  of  the  coal  favors  cleaning  by 
washing,  as  has  been  demonstrated  by  numerous  tests.  In  general 
the  quality  of  the  coals  appears  to  bear  a  more  or  less  direct  relation 
to  the  intensity  of  their  deformation.  For  example,  the  coal  of  the 
Eska  mine  is  both  of  a  lower  fuel  value  and  much  less  disturbed  than 
that  of  the  Chickaloon  mine.  It  also  appears  that  the  anthracite 
coals  of  the  eastern  part  of  the  Bering  River  field  are  more  intri- 
cately folded  and  faulted  than  the  bituminous  coals  in  the  south- 
western part  of  that  field. 

The  most  discouraging  fact  that  has  been  brought  out  by  the 
underground  work  is  the  lack  of  continuity  of  the  coal  beds.  Most 
of  those  opened  up  thicken  and  thin  very  irregularly,  and  many  pass 
into  beds  in  which  the  carbonaceous  material  forms  only  a  part  and 
in  some  only  a  small  part  of  the  whole  bed.  These  irregularities  of 
occurrence  are  probably  due  largely  to  disturbances  caused  by  fold- 
ing and  faulting,  but  they  are  also  in  part  original  features  of  depo- 
sition. 

The  evidence  tends  to  show  that  the  vegetable  matter  from  which 
the  coals  were  formed  accumulated  in  small  basins  along  valley  bot- 
toms and  in  river  deltas  rather  than  in  extensive  swampy  lowlands. 
In  coal  beds  formed  from  deposits  that  accumulated  under  the  con- 
ditions stated  there  would  naturally  be  recurring  transition  from 
clean  coal  well  within  the  basins  to  dirty  coal  or  even  to  clay  sediments 
toward  the  rims  of  the  basins.  The  mode  of  origin  of  the  coal  will 
therefore  in  part  account  for  the  lack  of  continuity  of  good  coal  beds. 
There  is,  however,  no  measure  of  the  size  of  the  basins  in  which  the 
vegetable  matter  accimiulated,  and  it  probably  varied  greatly  from 
place  to  place.  These  differences  in  original  deposition  are  probably 
of  less  consequence  to  the  miner  than  the  folding  and  faulting  of  the 
beds,  but  a  careful  study  of  the  conditions  under  which  the  coal  was 

u  Op.  eit.  (Bun.  335),  p.  03. 
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deposited  will  reyeal  facts  which  wilt  aid  in  the  identification  and 
correlation  of  coal  beds  fotind  in  different  mine  openings.  Further- 
more,  it  may  be  possible  that  the  most  persistent  coal  beds  as  origi- 
nally deposited  may  be  found  in  the  unprospected  parts  of  both  the 
Beoring  River  and  the  Matanuska  fields. 

Though  some  of  the  variations  in  the  thickness  and  composition 
of  individual  coal  beds  may  be  due  to  their  mode  of  accumulation., 
there  is  no  question  that  much  of  their  extreme  irregularity  is  cer- 
tainly due  to  the  profound  disturbance  of  all  the  coal  measures.  This 
disturbance  is  general  throughout  both  coal  fields,  but  it  varies  in  in- 
tensity, apparently  increasing  from  the  southwest  to  the  northeast, 
yet  there  are  no  doubt  local  variations  from  the  general  conditions,  so 
that  both  fields  should  be  carefully  prospected  to  discover  the  coal 
beds  that  are  least  disturbed.  Such  prospecting  has  been  begun  by 
the  Navy  Department  for  the  Matanuska  ^eld  and  should  be  done  in 
the  Bering  River  field. 

As  a  result  of  this  great  disturbance  nearly  all  the  coal  beds  are 
tilted,  many  at  high  angles,  and  some  are  folded  and  overturned.  Al- 
though the  folding  is  far  more  complex  than  that  of  the  Pennsylva- 
nia anthracite,  it  is  no  greater  than  that  of  some  of  the  coal  beds 
mined  in  Europe. 

In  addition  to  the  folding  there  is  much  faulting,  which  is  far  more 
serious  to  the  miner.  Faults  are  of  two  general  types — cross  faults, 
which  cut  across  the  beds,  and  bedding  or  parallel  faults,  which  follow 
the  bedding  of  the  strata  and  of  many  of  the  coal  beds  themselves. 
These  two  types  merge  into  each  other  so  that  by  change  of  direction 
a  cross  fault  may  become  a  bedding  fault  and  vice  versa. 

The  best-known  example  of  cross  faulting  is  in  the  Eska  mine, 
where  the  displacement  in  at  least  one  locality  amounts  to  several 
hundred  feet.  If  the  cross  faults  are  clean  breaks  they  do  not  se- 
riously interfere  with  the  mining  of  coal,  though  they  do  greatly  in- 
crease the  cost  of  mining  because  of  the  large  amount  of  deadwork 
required  to  pick  up  the  coal  bed  beyond  the  fault. 

Far  more  serious  are  the  bedding  faults,  which,  so  far  as  present 
developments  show,  are  characteristic  structural  features  of  much  of 
the  areas  of  best  coal.  Evidence  is  abundant  to  show  that  the  bedding 
faults  are  usually  developed  from  cross  faults,  which  enter  the  coal 
bed,  follow  it  as  bedding  faults  for  a  certain  distance,  and  leave  it  as 
cross  faults.  Where  a  fault  follows  a  coal  bed  the  bed  thickens  and 
thins  very  irregularly  and  may  be  practically  squeezed  out.  More- 
over, many  of  the  bedding  faults  are  not  the  results  of  movements  along 
a  single  plane,  but  include  a  complex  of  fault  planes.  This  type  of 
fault  ia  marked  by  a  zone  of  crushing,  which  may  include  not  only  the 
entire  coal  bed  but  a  part  of  the  wall  rock,  so  that  the  position  of  the 
coal  bed  is  marked  by  a  complex  mixture  of  coal  and  wall  rock.    These 


80  MINERAL  RE80TTBGES  OF  ALAS'KA,  1920. 

bedding  faults  appear  at  irregular  intervals  and  differ  in  extent.  As 
a  result  of  such  faulting  a  bed  of  good  coal  that  has  been  followed  by  a 
gallery  for  several  hundred  feet  may  suddenly  be  lost  or  may  pass  into 
a  zone  made  up  of  intermingled  coal,  shale^  and  bone  that  can  not  be 
separated  in  mining.  In  the  mining  thus  far  done  no  coal  bed  has 
been  tradied  unbroken  for  more  than  500  feet. 

In  places  the  difficulties  of  mining  are  further  enhanced  by  the 
presence  of  intrusive  dikes  or  stocks  of  igneous  rocks.  In  the  Bering 
River  field  there  are  no  stocks  and  so  far  as  determined  the  dikes  are 
not  sufficiently  abundant  to  interfere  seriously  with  mining.  In  the 
Matanuska  field  dikes  are  far  more  numerous  and  large  dioritic  stocks 
cut  the  coal  measures.  The  gaseous  character  of  these  coals,  the 
local  differences  in  the  firmness  of  the  wall  rock,  and  other  physical 
conditions  also  influence  the  cost  of  mining,  but  these  will  not  be 
considered  here. 

The  discouragement  found  in  the  facts  presented  above  is  offset 
by  the  encouragement  afforded  by  certain  other  facts:  (1)  The  coal 
is  of  better  grade  than  any  other  found  on  the  Pacific  seaboard;  (2) 
outcrops  of  such  coal  are  distributed  over  an  area  of  about  70  square 
miles  in  the  two  fields;  (3)  it  is  quite  possible  that  the  parts  of  the 
fields  in  which  the  structural  conditions  are  most  favorable  to  mining 
have  not  been  revealed;  (4)  xmderground  work  has  thus  far  been 
limited  to  a  total  of  about  21,500  feet  of  gangways  and  crosscuts  and 
to  tracts  aggregating  only  a  few  square  miles,  and  even  these  tracts 
have  not  been  exhaustively  explored. 

The  above  outline  indicates  the  principal  difficulties,  as  well  as  the 
advantages  and  favorable  possibiUties,  in  mining  Alaska  coal.  The 
difficulties  are  inherent  in  the  mode  of  occurrence  of  the  coal,  and 
added  to  them  are  the  difficulties  inherent  in  all  operations  in  remote 
regions,  such  as  that  of  obtaining  transportation  and  labor.  It 
should  be  noted  also  that  though  there  will  undoubtedly  be  a  great 
demand  for  the  coal  no  actual  market  has  yet  been  definitely  estab- 
lished. The  Government  railroad  gives  ready  access  to  the  Mata- 
nuska field,  but  a  lai^e  investment  will  be  required  for  railroad  con- 
struction into  the  Bering  River  field.  Moreover,  to  reach  a  market 
in  the  States  will  require  proper  ocean  carriers,  which  do  not  now 
form  a  part  of  the  Alaska  merchant  marine.  It  is  therefore  evident 
that  large  investments  will  be  necessary  and  that  much  time  must 
pass  before  any  expectation  of  a  large  coal-mining  industry  in  Alaska 
can  be  realized;  also  that  private  capital  will  not  undertake  the  de- 
velopment of  the  industry  unless  there  is  hope  for  very  large  re- 
turns. The  greatest  liberality  must  therefore  be  shown  to  coal  lessees 
unless  the  Government  itself  is  to  undertake  the  underground  ex; 
ploration. 
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Coal  produced  in  Alaska,  1888  to  1920, 


Year. 


1888-1896 

1807 

1808 

1800 

1900 

1901 

1902...:. 

1903 

1904 

1906 

1906 

1907 

1908 

1909 


QnantitT 
(short 
ions). 


6,000 
?,000 
1,000 

i,aoo 

1,200 
1,800 
2,312 
1,447 
1,694 
2^774 
5,641 
10,180 
3,107 
2^800 


Value. 


884,000 
28,000 
14,000 
16,800 
16,800 
16,600 
19,048 
9,782 
7,226 
18,250 
17,974 

63t0OO 
14,810 

12,300 


Year. 


1910. 
1911. 
1912. 
1913. 
1914. 
1916. 
1916. 
1017. 
1918. 
1919. 
1920. 


Quantity 
(short 
tons). 


1,000 
900 
355 

2,300 


1,400 
13,073 
53,966 
75,606 
60,674 
61,111 


313,788 


Value. 


$15,000 

9,300 

2,840 

13,800 


8,800 
52,317 
266,317 
411,860 
843,547 
356,668 


1,796,128 


Coal  eonsumid  in  Alaska,  1899-19tO,  in  short  tons. 


Year. 


1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 
1919. 
1920. 


Produced 
in  Alaska, 
chi^ysuD- 
bitnixunous 
and  lignite. 


1,200 
1,200 
1,300 
2,212 
1,447 
1,694 
3,774 
5,541 
10,130 
3,107 
2,800 
1,000 
900 
355 
2,300 


1,400 
13,0^ 
63,965 
75,606 
60,674 
61,  111 


304,788 


Imported 
from 
States, 
chiefly  bi- 
tuminous 
fromWash- 
ington. 


10,000 
15,048 
24,000 
40,000 
64,626 
36,689 
67,713 


46,246 
23,803 
33,112 
32,008 
32,255 
27,767 
09,066 
41,509 
46,329 
44,934 
68^116 
51,520 
57,166 
37,043 


928,623 


Total  for- 
eign coal, 
cmefly  bi- 
tuminous 

from 

British  Ckh 

lumbia. 


0  50,120 
0  56,623 

•  77,674 
068,363 
060,606 

•  76,815 

•  72,612 

•  47,500 

•  93,262 

•  86,404 
60,046 
58,420 
61,845 
68,316 
56,430 
46,153 
29,467 
53,672 
56,589 
87,986 
48,708 
45,264 


1,321,954 


Total  coal 
consumed. 


61,320 

72,871 

102,974 

110,575 

126,678 

115,196 

144,099 

122,624 

149,647 

113,404 

104,958 

91,518 

95,000 

96,438 

127,796 

87,602 

77^186 

111,679 

168,660 

165,112 

166,548 

143,418 


2,555,365 


a  By  fiscal  year  ending  June  30. 


PETROLEUM. 


The  petroleum  produced  in  Alaska  in  1920,  as  in  previous  years, 
was  derived  from  the  single  patented  claim  in  the  Katalla  oil  field. 
This  property  is  owned  hy  the  Chilkat  Oil  Co.,  which  refines  the 
entire  product  in  its  own  refinery.  The  output  in  1920  was  pumped 
from  7  or  8  small  wells.  Two  new  wells  in  which  oil  was  found  were 
drilled  on  this  property  in  1920.  The  high-grade  gasoline  made 
from  this  oil  finds  a  ready  sale  in  the  local  market,  chiefly  on  Prince 
William  Sound.    At  present  the  residue  from  the  refinery  is  not  utilized 

No  drilling  was  done  in  undeveloped  fields  in  1920,  but  some  geo- 
logic examinations  were  made  by  private  corporations.    In  1920-21 


82 


HINEBAIi  BB80URCBS  OF  ALA&KA,  1990. 


a  hole  was  sunk  near  Anchorage  to  a  depth  of  about  200  feet,  but 
did  not  reach  bedrock.  Later  (July,  1921)  a  small  petroleum  seepage 
was  found  near  Anchorage  in  the  gravel  and  clay  which  here  mark 
the  bedrock.  The  alluvial  cover  prevents  the  determination  of  the 
bedrock  source  of  the  oil. 

The  enactment  of  the  oil-land  leasing  act  of  February,  1920, 
together  with  the  world-wide  search  for  petroleum,  has  again  at- 
tracted public  attention  to  the  oil  lands  in  Alaska,  which  had  been 
withdrawn  from  entry  since  1910.  The  enactment  of  the  new  law 
started  a  rush  into  all  the  accessible  prospective  oil  fields,  and  ihany 
claims  were  staked.  Later  the  enthusiasm  of  this  rush  carried  many 
of  the  locators  into  areas  that  had  little  to  recommend  them  as  pos- 
sible fields  for  petroleum.  Up  to  the  end  of  the  year  335  applica- 
tions for  oil-prospecting  permits,  covering  762,553  acres,  had  been 
received  at  the  Juneau  land  office.  These  applications,  according  to 
Mr.  Stewart,*'  are  distributed  geographically  as  follows: 

ApplieatioTU  for  oil  permiu  received  at  Juneau  land  office^  1920. 


Locfttion. 

*»^^^  ^  I-  I _i  .      .1.1 

Cold  Bay... .y! 

Katalla.. .V 

Yakataga >: 

niamxia(IziiskinBay).y 

Kootuiahoo  (Admiralty  Island,  soufheastera  Alaska). . 

Cape  Spencer  (Icy  Strait,  soatheastem  Alaska) 

Chinitna,  (north  of  THamna  Bay,  Cook  Inlet) 

Seward  (Kenai  Penlnsala) 

Wa8llla(MatanuskaVaUey) 

Anchorage  (Knik  Arm) 

Anlakchak  (Alaska  Peninsula,  southwest  of  Cold  Bay) 


Area(acrBS). 


431,040 
98,053 
75,520 
60.400 
3S,2» 
7,680 
7,680 

5,sao 

6,120 
10,200 
10,240 


Of  the  above  list,  only  the  Cold  Bay,  Katalla,  Yakataga,  Hiamna, 
and  possibly  the  Chinitna  and  Aniakchak  areas  are  classed  by  the 
Geological  Survey  as  prospective  oil  territory  on  the  geologic  in- 
formation now  at  hand.^'  Curiously  enough,  no  claims  appear  to 
have  been  filed  on  any  land  in  the  Douglas  River  region,  tributary  to 
the  southwest  end  of  Cook  Inlet,  where  an  oil  seepage  has  long  been 
known. 

The  large  areas  staked  in  the  prospective  oil  fields  above  listed 
no  doubt  include  much  land  that  is  worthless,  but  until  the  structure 
has  been  worked  out  this  can  not  be  helped.  It  will  be  well  to  note 
also  that  until  actual  drilling  has  been  done  there  is  no  certainty  of 
the  existence  of  important  oil  pools  in  any  of  these  areas.  Some 
drilling  will  probably  be  done  in  1921,  but  these  prospective  fields 
can  probably  not  be  systematically  tested  for  several  years. 

u  Stewart,  B.  D.,  Annual  report  of  the  Territorial  mine  inspector  to  the  governor  of  Alaska,  190^  p.  11, 
Juneau,  1921. 
uMarttn,  O.  a,  Ptelimlnary  report  on  petrolenn  In  Alaska:  V.  8.  Oeol.  Survay  Bull.  710, 1021. 
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STRUCTURAL  HATERIA.I18,   ETC. 

Marble  is  widely  distributed  in  southeastern  Alaska"  but  has 
been  developed  on  an  extensive  scale  onlj  at  the  quarries  of  the  ye> 
moot  Marble  Co.  at  Tokeen,  near  the  north  end  of  Prince  of  Wales 
Island.  In  1920,  as  in  the  past,  onlj  one  gypsum  mine  was  operated 
in  Alaska.  The  mine  was  flooded  during  the  first  four  months  of  the 
year,  but  operations  were  resumed  later  on  the  same  scale  as  before. 

The  equipment  for  inining  and  reducing  sulphur  on  Akun  Island,  at 
the  east  end  of  the  Aleutian  chain,  was  completed  about  the  end  of 
the  year,  but  no  sulphur  has  yet  been  produced  there. 

A  trial  shipment  of  about  20  tons  of  garnet  sand,  taken  from  the 
beach  of  Imuruk  Basin,  20  miles  east  of  Fort  Clarence,  to  be  used  as 
an  abrasive,  was  made  from  Nome  in  the  summer  of  1920. 

REVIEW  BT  DISTRICTS. 

The  following  review  summarizes  briefly  the  principal  develop- 
ments in  all  the  districts.  Many  of  the  districts  were  not  visited  by 
members  of  the  Geological  Survey  in  1920,  and  for  this  reason  and 
because  some  operators  fail  to  make  reports  the  information  at  hand 
is  not  complete,  especially  concerning  the  placers  of  the  lower  Kus- 
kokwim  basin  and  of  the  Eoyukuk  district.  The  space  devoted  to 
any  district  is  therefore  not  necessarily  a  measure  of  its  relative 
importance.  The  general  arrangement  of  the  presentation  is  geo 
graphic,  from  south  to  north. 

"  Bmterd,  E.  F.,  Mubte  naoann  ol  louUMuUm  AlukK  C.  S.  0*01.  Barvtj  Boll.  083,  IMO. 
639*3°— 22 3 
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The  mineral  output  of  southeastern  Alaska  in  1920  was  derived 
from  eight  gold-lode  mines,  gold  placers  (a.  very  small  production), 
two  copper  mines,  one  of  which  yields  ore  carrying  a  high  content  of 
platinimi  minerals,  one  gypsum  mine,  and  one  large  marble-quarry 
property.  The  total  value  of  the  minerals  produced  increased  from 
$4,679,632  in  1919  to  $5,120,163  in  1920.  Only  four  of  the  gold 
mines  were  large  producers — three  at  Juneau  and  one  on  Chichagof 
Island;  the  others  were  under  development  and  made  a  small  inci- 
dental output  of  gold.  All  the  copper  produced  came  from  the  Rush 
&  Brown  and  Salt  Chuck  mines,  in  the  Ketchikan  district.  Placer 
mining  was  limited  to  very  small  operations  in  the  Porcupine  district 
and  on  the  beach  placers  of  Yakataga  and  Lituya  Bay. 

Mineral  production  of  southeastern  Alaskay  1920. 


Ore  mined 

(tons). 

Gold. 

surer. 

Quantity 

(fine 
ounces). 

Valae. 

Quantity 

(fine 
ounces). 

Value. 

Gokl-lode  mtn^H  - . . .  r . . 

3,400,197 
15,018 

210,535 
91S 
103 

84,352,145 

18,878 

3,900 

114,621 

6,313 

33 

8124,937 

5,m 

36 

OODDff  miniW-  - 

Placer  minw 

3,424,215 

211,641 

4,375,008 

119,967 

130,764 

Copper. 

Lead. 

Palladium, 
marble, 

Quantity 
(pounds). 

Value. 

Quantity 

(pounds). 

Value. 

gypsum, 

etc. 
(▼ahxe). 

OoM-lod*  nil*^<»    r  . . , ,  -  , 

, 

1,518,464 

8121,477 

Coppw nil*^fl«.» 

•  670,155 

8123,306 

Plaosr  mlnn 

870,155 

123,306 

1,518,454 

121,477 

8300,606 

a  Includes  some  copper  shipped  from  other  parts  of  Alaska. 


KETCHIKAN   DISTRICT. 


Productive  development  work  was  continued  at  the  Rush  &  Brown 
mine  on  about  the  same  scale  as  in  previous  years.  This  is  the  oldest 
productive  copper  mine  in  southeastern  Alaska,  having  been  operated 
almost  continuously  since  1904.  In  1920,  as  in  previous  years,  the 
work  was  directed  principally  to  the  development  of  the  smaller  of 
the  two  ore  bodies  that  have  been  explored  undergroimd.  This  ore 
body  lies  in  a  shear  zone  boimded  by  two  well-defined  walls  of  gray- 
wacke.  It  consists  of  rich  chalcopyrite  ore  shoots  in  a  mineralized 
gangue  of  crushed  graywacke,  which  is  in  part  merchantable  ore,  for 
in  addition  to  the  rich  shoots  the  gangue  contains  veins  and  veinlets 
of  sulphides.    The  ore  body  contains  also  some  pyrite  and  pyrrho- 
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tite.  The  lower-grade  copper-bearing  magnetite  ores  on  the  prop- 
erty,  of  which  a  considerable  tonnage  has  been  developed,  wiU  not 
be  utilized  until  a  market  for  tiieir  iron  content  can  be  found.  The 
Ketchikan  district  as  a  whole  has  large  reserves  ^^  of  this  type  of  ore, 
which  will  form  an  important  asset  when  use  can  be  foimd  for  its 
iron  content.  The  principal  work  on  the  Rush  &  Brown  mine  in 
1920  was  the  extension  of  the  incline  to  the  500-foot  level,  drifting 
on  the  450-foot  level,  and  explorations  at  higher  levels.  All  the  ore 
produced  was  sent  to  the  Anyox  smelter,  in  British  Columbia.  Min- 
ing was  done  at  the  Salt  Chuck  mine  on  a  larger  scale  in  1920  than 
in  the  previous  year.  The  ore  on  this  property  has  a  high  content  of 
palladiimi  and  platinum  and  carries  copper  also.  This  occiurence 
was  fully  described  in  the  report  of  last  year." 

Ther  Dunton  gold  mine,  near  Hollis,  on  Prince  of  Wales  Island,  has 
been  taken  over  by  the  Kasaan  Gold  Mining  Co.,  and  the  name  of  the 
property  has  been  changed  to  Harris  Creek  mine.  The  ore  body  has 
been  described  in  a  recent  publication.^^  In  1920  the  work  has  con- 
sisted chiefly  of  a  reconstruction  of  the  mill  and  mining  plant,  which 
was  completed  in  the  fail  of  1920.  Some  gold  ore  was  milled  in  the 
course  of  the  year.  Considerable  prospecting  was  done  by  the  Helm 
Bay  Mining  Co.  on  a  group  of  claims  on  Helm  Bay,  on  the  south  shore 
of  Cleveland  Peninsula,  north  of  Ketchikan.  The  group  includes 
the  old  Gold  Standard  mine,  which  has  not  been  worked  for  many 
years.  The  work  performed  in  1920  includes  a  series  of  shallow  open 
cuts  and  pits,  which  crosscut  a  rather  ill-defined  shear  zone  traversing 
greenstone  schists.  Within  this  shear  zone  there  are  many  small 
quartz  veins  and  stringers  which  carry  gold  and  some  pyrite.  The 
zone  has  been  traced  with  some  interruptions  for  several  thousand 
feet.  The  several  open  cuts  show  from  10  to  50  feet  of  mineralized 
rock,  but  no  well-defined  walls  were  seen.  It  is  reported  that  results 
of  sampling  seven  or  eight  of  these  cuts  yielded  an  average  qf  about 
$6  worth  of  gold  to  the  ton.  A  crosscut  is  being  driven,  which  should 
reach  the  shear  zone  at  a  depth  of  80  feet.  The  work  on  this  property 
when  it  was  hastily  examined  in  September,  1920,  was  only  well  begun, 
as  the  bedrock  was  exposed  only  in  the  open  cuts.  No  adequate  con- 
ception of  the  character  of  the  ore  body  could  be  obtained.  The 
value  of  the  property  will  depend  on  the  quantity  of  ore,  which, 
according  to  the  smiace  indications,  may  be  large.  Another  import- 
ant fact  that  awaits  determination  is  the  continuance  in  depth  of  the 
gold  content  thus  far  reported.  The  cuts  examined  sliowed.  some 
oxidation,  which  indicates  that  there  may  be  some  surface  enrich- 
ment.   The  evidence  at  otl^er  mines  in  the  district  supports  the 

u  Brooks,  A.  H.,  The  future  of  Alaska  mining:  U.  S.  Geol.  Survey  Bull.  714,  pp.  15-19,  IflBl. 
M  Hertie,  J.  B.,Jr.,  Lode  mining  in  the  Juneau  and  Ketchikan  districts:  U.  8.  Oeol.  Survey  Bull.  714, 
pp.  121-317, 1921. 
"Idem,  pp.  127-128. 
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belief  that  a  crosscut  run  on  the  ore  body  at  a  depth  of  80  feet  should 
give  a  reliable  indication  of  the  depth  of  surface  enrichment. 

JUNEATT  DISTRICT. 

The  Perseverance,  Alaska-Juneau,  and  Ready  Bullion  mines  and 
mills,  all  near  Jimeau,  were  operated  throughout  the  year.  In  1920 
the  value  of  the  average  recovery  of  metal  from  the  ore  of  these  three 
mines  was  86  cents  a  ton.  Developments  were  continued  throughout 
the  year  on  the  Alaska  Ebner  property,  adjacent  to  the  Alaska- 
Juneau.  This  mine  is  developed  by  an  adit  4,000  feet  long,  and 
during  1920  about  1,000  feet  of  drifting  and  crosscutting  was  done. 

Developments  at  the  Jualin  mine,  at  Bemers  Bay,  were  suspended 
in  February,  1920,  but  the  company  reports  that  work  will  be  re- 
sumed when  financial  conditions  improve.  The  10-stamp  mill  at  this 
mine  was  burned  during  the  year,  but  the  extensions  projected  in- 
clude a  200-stamp  mill.  A  little  work  was  done  at  the  Peterson  mine, 
north  of  Juneau.  Some  work  was  done  at  the  Daisy  Bell  mine,  near 
Snettisham,  and  a  little  ore  was  treated  in  its  5-stamp  miU. 

The  following  notes  on  the  most  important  recent  developments 
at  Windham  and  Sumdum  bays  are  taken  from  Stewart's  report." 
In  1919  the  Alaska  Peerless  Mining  Co.  drove  about  50  feet  of  adits 
and  crosscuts  on  the  Basin  Queen  lode,  at  Windham  Bay.  This  prop- 
erty, formerly  known  as  the  YeUow  Jacket  group,  has  been  described 
by  Spencer.*'  This  work  exposed  an  extensive  belt  of  highly  mineral- 
ized talcose  schist  approximately  70  feet  in  width,  constituting  a  show- 
ing which  appears  to  be  well  worth  further  exploration.  The  main 
tunnel  is  now  400  feet  in  length,  and  from  it  four  crosscuts  have  been 
driven  aggregating  300  feet.  It  was  planned  by  the  Alaska  Peerless 
Mining  Co.  to  drive  a  crosscut  adit  630  feet  vertically  below  the  pres- 
ent drift  adit  and  5,000  feet  in  length,  to  cut  the  above-described 
zone  at  this  horizon.  This  work  was  started  and  50  feet  of  open-cut 
work  and  30  feet  of  tunneling  work  completed.  Work  on  the  prop- 
erty was  discontinued  in  the  fall  of  1919  and  only  assessment  work 
done  during  1920. 

According  to  the  mine  inspector's  report,  the  Independent  Gold 
Mining  Corporation  completed  in  1920  about  150  feet  of  imder- 
ground  work  on  a  property  at  the  head  of  Windham  Bay.  The  ore 
body  exposed  is  a  belt  of  silicified  schists,  having  an  average  width 
of  about  10  feet  and  containing  gold,  galena,  and  iron  sulphides.  This 
mineralized  belt  has  been  traced  on  the  surface  for  a  long  distance  to 
the  southeast  of  the  adit  and  it  crops  out  on  the  opposite  shore  of  the 
bay,  where  claims  have  been  located  upon  it. 

The  most  extensive  developments  on  Admiralty  Island  were  those 
made  on  the  property  of  the  Admiralty  Alaska  Gold  Mining  Co., 

M  Stewart,  B.  D.,  Amiaal  report  of  Territorial  mine  inspector  to  the  governor  of  AJaska,  1990,  p.  SO, 
Juneau,  1921. 
»  Spencer,  A.  C,  The  Juneau  gold  belt:  U.  S.  Oeol.  Survey  Bull.  287,  p.  41, 1909. 
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^diich  has  been  described  in  a  recent  report.**  Here  operations  were 
carried  on  from  May  to  the  end  of  the  year.  The  main  adit  was 
extended  for  about  650  feet.  Many  open  cuts  were  made,  and  a  new 
working  shaft  was  started.  Work  was  continued  in  a  small  way  on 
the  Nowell-Otterson  group  of  claims,'^  which  are  adjacent  to  the 
Admiralty-Alaska  property. 

Underground  work  has  been  continued  at  the  Alaska  Endicott 
property  on  William  Henry  Bay,  north  of  Juneau.  Preparations  are 
being  made  to  erect  a  mill  and  compressor  plant. 

SITKA   DISTRICT. 

The  Sitka  district  was  the  scene  of  the  first  lode-gold  mining  venture 
in  Alaska,  which  began  as  early  as  1871.  This  proved  tmprofitable, 
and  when  gold  was  discovered  at  Jimeau  and  on  the  Yukon  the  dis- 
trict was  almost  abandoned.  It  was  not  until  1905,  when  the  Chicha- 
goff  lode,  now  developed  iQto  one  of  the  largest  mines  in  Alaska,  was 
discovered,  that  prospectors  began  to  return  to  the  district.  In  1920 
lode  prospecting  was  more  active  here  than  in  any  other  part  of  the 
Territory  and  some  promising  discoveries  were  made.  It  is  astonish- 
ing that  a  region  which  is  so  readily  accessible  and  in  which  the  phys- 
ical conditions  permit  low  operating  costs  should  have  been  almost 
ignored  for  nearly  half  a  centiuy. 

In  1920,  as  in  the  past,  the  Chichagoff  mine  was  the  only  produc- 
tive property  in  the  district  except  the  gypsimi  mine  already  referred 
to  (p.  33).  The  mine  and  30-stamp  mill  were  operated  throughout 
the  year,  and  the  new  imderground  work  included  112  feet  of  shaft 
and  1,310  feet  of  drifts. 

The  following  quotation  from  the  Territorial  mine  inspector's 
report  summarizes  the  recent  prospectuig  in  the  Sitka  district:'' 

Active  development  was  contiiiued  on  the  Hirat-Chichagoff  property,  at  Hirst 
Cove,  on  the  opposite  side  of  Doolth  Mountain  from  the  Chichagoff  mine. 

During  the  winter  of  1919  and  the  spring  of  1920  a  stamp  mill  which  had  been 
installed  at  Windham  Bay  was  dismantled  and  moved  to  the  Hirst-ChichagofI  prox>erty . 
A  mill  building  was  constructed,  but  the  mill  has  not  yet  been  installed. 

A  wharf  has  been  built  and  a  comfortable  bunk  house  and  boarding  house  com- 
pleted at  the  property.  Difficulty  was  had  with  the  compressor  formerly  in  use,  and 
a  new  machine  has  been  installed.  Following  this  improvement  work  was  resumed 
on  the  crosscut  tunnel  at  the  mill  level,  and  about  300  feet  driven,  making  a  total  of 
about  1,100  feet.  It  is  understood  this  tunnel  has  reached  the  vein  and  exploration 
of  the  ore  zone  at  the  mill  tunnel  level  has  begun.  This  vein  is  very  similar  in  type 
to  the  Chichagoff  vein,  and  the  results  of  development  work  upon  it  are  being  looked 
forward  to  with  interest. 

The  Chichagoff  Mining  C)o.  has  acquired  control  of  the  Apex  group  of  claims,  lying 
across  the  divide,  between  the  head  of  Cann  Creek  on  the  west  shore  of  Lisianski  Inlet 
and  Stag  Bay,  an  arm  of  Lisianski  Strait. 

»  Mertie,  J.  B.,  Jr.,  Mining  In  Juneau  and  Ketchikan  districU:  U.  S.  Owl.  Survey  BuU.  714,  pp.  116-116, 
1921. 
B  Idem,  pp.  116-118. 
■  Op.  dL,  pp.  2^28. 
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The  diflcovery  of  the  Apex  vein  waa  made  in  October,  1919,  and  development  work 
was  commenced  upon  it  as  soon  as  the  snow  had  left  in  the  early  Bununer  of  1920. 
The  vein  on  the  surface  averages  about  20  inches  in  width,  and  its  outcrop  has  been 
traced  for  a  considerable  distance .  Patches  of  exceedingly  high  grade  gold  ore  appear 
on  the  outcrop  at  several  places. 

A  camp  was  built  on  the  beach  at  the  mouth  of  Cann  Creek  and  a  pack  tnul  about 
2  miles  in  length  constructed,  leading  to  an  upper  camp  and  the  lowest  showings 
on  the  outcrop.  The  upper  camp  is  at  an  altitude  of  800  or  900  feet  and  the  discovery 
about  1,300  feet.  It  is  understood  that  a  tunnel  50  feet  in  length  has  been  driven  on 
the  vein,  commencing  at  the  discovery,  since  July,  1920.  A  lower  tunnel,  com- 
mencing at  a  point  near  the  upper  camp,  is  understood  to  be  under  construction  at 
the  present  time. 

The  Apex  vein  is  practically  solid  quartz  in  unaltered  hornblende  diorite.  A 
very  fine  grained  porphyritic  acidic  dike  a  few  inches  in  thickness  lies  along  the  walls 
on  either  side  of  the  vein.  This  dike  closely  resembles  quartsite  in  appearance  and 
weathers  brown  on  the  surface. 

Adjoining  the  Apex  group  on  the  east  is  the  El  Nido  group  of  claims,  controlled  by 
Mr.  J.  H.  Cann,  who  was  also  one  of  the  .discoverers  of  the  Apex  lode.  The  El  Nido 
lode  was  discovered  in  June,  1920,  and  some  development  work,  consisting  of  open 
cuts  and  trenching,  had,  at  the  time  of  visit  (July,  1920),  exposed  the  outcrop  for  a 
length  of  about  200  feet.  Some  exceedingly  high  grade  samples  were  secured  from 
this  crop,  hand  specimens  being  said  to  run  as  high  as  |5  per  pound.  The  El  Nido 
lode  at  the  outcrop  is  from  3  to  3^  feet  in  width,  consisting  of  alternating  pure  white 
quartz  and  dike  material,  similar  to  that  referred  to  above  in  connection  with  the  Apex 
lode.    No  report  has  been  had  on  developments  made  on  this  lode  since  July,  1920. 

COPPBB  BIVEB  BASIN. 

The  continuous  operation  of  the  three  large  copper  mines  of  the 
Kennecott  group  and  the  summer  placer  mining  in  the  Nizina  and 
Chistochina  districts  constitute  all  the  productive  work  done  in  the 
Copper  River  basin  in  1920.  A  little  undergroimd  work  was  done  on 
the  Midas  gold  mine  "  in  the  early  part  of  the  summer,  but  the  mill 
was  not  operated.  The  only  other  lode  operations  were  assessment 
work  on  copper  claims. 

The  following  statements  on  mining  and  milling  at  the  Kennecott 
group  of  mines  during  1920  are  taken  from  the  annual  report  of  the 
company:'* 

Kennecott  ores  milled  totaled  199,656  tons,  assaying  6.82  per  cent.  From  this  ton- 
nage there  resulted  21,696  tons  concentrates  assaying  51.06  per  cent  copper,  this  giving 
a  recovery  of  82.29  per  cent,  as  against  89.9  per  cent  in  1919  and  84.19  per  cent  in  1918. 
The  percentage  of  total  copper  occiirring  in  carbonate  form  was  41.8,  compared  with 
37.4  in  1919  and  37.8  in  1918,  which  accounts  for  the  lower  recovery  obtained  during 
the  last  year.  The  cost  per  ton  of  milling  was  76  cents,  as  against  73  cents  in  1919  and 
80  cents  in  1918. 

In  addition  to  the  Kennecott  ores  the  Kennecott  miU  also  treated  67,567  tons  of  ore 
during  the  year  for  the  account  of  the  Mother  Lode  Coalition  Mines  €k>. 

The  leaching  plant  at  Kennecott  treated  190,327  tons  miU  tailings  aaaaying  1.14  per 
cent  carbonate  copper,  with  a  recovery  of  3,332,500  pounds  of  copper  in  the  form  of 

*  For  a  brief  description  of  the  oi«  body  see  Mofflt,  F.  H.,  lOning  In  tbe  Chltina  VaOey;  U.  8.  GeoL 
Survey  BuU.  n4,  pp.  191-190, 1981. 

M  Kenneoott  Copper  CocpontlOQ  Slzth  Ana.  Bspt,  iv  year  sndliig  Dsosmhsr  a,  1900^  pp.  6-7«  Nfir 
Yocl[,19ai. 


THB  ALASKAN   MINING  INDUSTRY  IN  1920.  89 

predpitateB  afleaying  74.75  per  cent  copper,  the  percoitage  of  recovery  being  74.5  per 
cent,  ae  against  74  x>er  cent  in  1919.  Leaching  costs  were  $1.33,  as  against  $1.18  in 
1919  and  $1.12  in  1918. 

The  total  recovery  of  copper  in  all  ores  treated,  milling  and  leaching  combined,  was 
90.10  per  cent,  as  against  92.96  per  cent  in  1919  and  89.38  per  cent  in  1918. 

Thirteen  thousand  six  hundred  and  thirty  feet  of  development  work  was  driven 
lor  the  piurpose  of  developing  new  ore  bodies  and  opening  known  deposits  on  other 
levels  preparatory  to  stoping.  In  addition  to  this  14,936  feet  of  diamond  drilling  was 
done.  The  most  important  items  were  the  development  of  the  Birch  vein,  on  the 
150-foot  level,  and  the  Bonanza-Mother  Lode  vein,  on  the  900-foot  level  in  the  Bonanza 
mine;  and  in  the  Jumbo  mine,  the  development  of  the  ore  in  the  518  vein  at  and 
below  the  fifth  level. 

The  work  of  building  the  Qlader  mine  tramway  was  completed  in  time  to  transport 
4,722  tons  that  were  mined  before  the  season  closed.  At  the  same  time  an  intermediate 
station  at  the  halfway  station  of  the  Jumbo  line  was  built,  making  it  possible  to  handle 
a  greater  tonnage  over  this  line. 

A  hig^-tension  power  line  was  strung  to  the  Erie  mine,  making  it  possible  to  use 
compresBed  air  in  carrying  on  the  development  .of  this  mine. 

In  1020,  as  in  previous  years,  practically  all  the  placer  gold  pro- 
duced in  the  Nizina  district  was  obtained  from  three  hydraulic  mines 
on  Dan,  Chititu,  and  Rex  creeks.  A  Uttle  mining  was  also  done  on 
the  bench  placers  of  Dan  Creek. 

Nine  placer  mines^were  operated  in  the  Chistochina  district  during 
the  summer  of  1920,  employing  35  men  and  producing  gold  to  the 
value  of  about  $75,000.  The  largest  output  was  made  by  a  hydrauUc 
plant  on  Slate  Creek.  An  average  of  $1.53  worth  of  gold  per  cubic 
yard  was  recovered  from  the  placer-mining  operations  of  the  district. 
Some  platinum  was  won  from  the  Slate  Creek  placers. 

Some  placer  mining  was  done  in  the  Nelchina  and  Valdez  Creek 
districts,  and  plans  are  under  way  for  again  operating  the  large 
hydrauUc  plant  on  Valdez  Creek,  which  has  been  idle  for  several 
years. 

PBINCE  WILLIAM  SOT7ND. 

Mining  was  at  a  low  ebb  in  the  Prince  WiUiam  Sound  region  '^  dur- 
ing 1920,  except  for  the  large  copper  output  of  the  Beatson  mine,  oq 
Latouche  Island.  Other  mines,  however,  incidentally  produced 
some  copper.  The  only  gold  mine  on  Prince  WiUiam  Sound  that 
reported  any  production  in  1920  was  the  Valdez  Gold,  which  pro- 
duced only  a  few  tons  of  ore. 

The  foUowing  extracts  from  the  annual  report  of  the  Kennecott 
company  summarize  the  principal  operations  at  the  Beatson  mine 
during  the  year.  Much  work  was  done  at  the  Girdwood  mine,  which 
is  north  of  and  adjacent  to  the  Beatson.  The  mine  is  developed  by  a 
1,600-foot  adit  and  is  equipped  with  a  150-ton  flotation  mill. 

Ore  ndUed  totaled  451,863  tons,  assaying  1.77  per  cent  copper.  From  this  tonnage 
44,268  tons  of  concentrates  were  produced,  assaying  15  per  cent  copper,  as  against 

*  The  ore  deposits  of  Prince  WilUaxn  Sound  are  described  in  the  Geological  Survey  reports  listed  on 
pages  V  and  vi. 
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264,265  tODfl  milled,  28,204  tooB  oaiic«oti»teB  pfodnced,  aonying  14«7S  per  cent,  in 
1919.  The  avenge  recovery  was  82.85  per  cent,  ae  against  80.8  per  cent  in  1919;  how- 
ever, the  recovery  of  copper  existing  as  the  sulphide  in  the  ore  was  85.2  per  cent. 

Two  thousand  nine  handled  and  fourteen  feet  of  raising  and  6,788  feet  ol  drifting, 
making  a  total  of  8,652  feet,  augmented  by  4,846  feet  of  diamond  drilling,  was  done 
during  the  year.  This  work,  with  the  exception  of  1,499  leet  of  raising  and  drifting 
and  991  feet  of  diamond  drilling  done  on  the  upper  levels,  was  far  the  purpose  of 
preparing  the  ore  above  the  200  level  for  stoping. 

A  small  sawmiU  was  added  to  the  surface  equipment.  A  compressor  of  500  cubic 
feet  capacity  was  added  to  fumidi  air  for  the  mill.  A  mechanical  dioveler  was  pur> 
chased  to  be  used  underground. 

The  Schlosser  mine  of  the  Alaska  Mines  Corporation  was  operated 
from  January  1  to  November  15.  The  hand-sorted  crude  ore  is 
shipped  to  the  Tacoma  smelter.  In  1020  the  principal  advance 
work  done  was  that  of  driving  1,450  feet  of  the  main  adit. 

The  work  done  at  the  Fidalgo  (Mcintosh)  mine  on  Fidalgo  Bay 
included  the  driving  of  a  104-foot  raise  and  a  150-foot  drifts  in  course 
of  which  some  ore  was  recovered,  but  none  was  shipped. 

Copper  prospecting  on  Elnight  Island  is  practically  at  a  standstill. 
The  only  development  was  the  continuation  of  the  main  crosscut  on 
the  Rua  Cove  property  by  W.  A.  Dickey. 

The  Valdez  Afining  Co.  continued  to  develop  its  propwty  ^  on  the 
west  side  of  Valdez  Glacier  from  June  until  December,  1920.  The 
main  adit  was  driven  400  feet  during  the  year  and  is  now  800  feet  long. 
Some  ore  that  was  recovered  incidentally  to  the  development  work 
was  milled.  Late  in  the  summer  of  1920  the  Cliff  mine,  near  Valdez, 
was  imwatered,  and  about  119  feet  of  underground  work  was  done. 
The  ore  body  has  been  described  by  Johnson.'* 

XBNAI  PENIKSTJLA. 

There  was  no  improvement  in  gold  mining  on  Kenai  Peninsula 
during  the  year.  The  value  of  the  total  mineral  output  in  1920 
was  $35,000,  and  that  in  1919  was  $37,500.  Of  the  total  amount  for 
1920  $14,675  is  to  be  credited  to  the  gold  output  of  two  small  lode 
mines  and  six  placer  mines,  the  latter  employing  about  15  men. 
Most  of  the  placer  gold  came  from  Resurrection,  Canyon,  and  Six- 
mile  creeks. 

The  Lucky  Strike  mine,  on  Palmer  Creek,  was  operated  from  June 
to  October,  and  its  null  for  15  days,  one  shift  a  day.  The  principal 
underground  work  done  consists  of  a  150-foot  adit.  Some  ore  was 
milled  at  the  Virginia  mine,  but  no  developments  were  made.  There 
was  considerable  prospecting  of  auriferous  quartz  veins  during  tiie 
year.  Plans  were  made  for  doing  work  on  a  group  of  quartz  claims 
at  the  head  of  Crow  Creek,  on  the  north  side  of  Tumagain  Aim. 

>7  For  a  brief  description  of  the  ore  body  see  Johnson,  B.  h..  The  gold  and  copper  deposits  of  the  Port 
Valder.  district:  U.  S.  Qeol.  Surrey  BuU.  622,  p.  182, 1915. 
« Idem,  pp.  170-172. 
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These  claims,  so  far  as  identified,  belong  to  what  was  formerly  known 
as  the  ''Barnes  property/'  which  has  been  described  in  a  former 
report.*' 

The  operation  of  the  lignite  mine  at  Bluff  Point,  on  Kachemak 
Bay,  and  the  developments  on  chrome  deposits  at  Red  Mountain 
have  already  been  referred  to  (pp.  26,  24) . 

8T78ZTNA  AND  ICATANITSXA  BEGION. 

Productive  mining  in  the  Susitna-Matanuska  r^on  included 
gold-placer  mining  in  the  Yentna  district  and  at  a  few  scatterred 
places  in  the  Suaitna  basin,  gold-lode  mining  in  the  Willow  Creek 
district,  and  coal  mining  in  the  Matanuska  field  and  at  one  or  two 
other  places  in  the  Susitna  basin.  The  value  of  the  total  mineral 
output  from  this  region  was  $532,662  in  1019  and  $324,810  in  1920. 
Most  of  the  decrease  in  1920  was  due  to  the  decline  in  the  output  of 
gold.  The  consolidation  of  some  of  the  Willow  Creek  gold  proper- 
ties and  the  systematic  exploration  of  the  Matanuska  coal  field 
constitute  the  most  important  advances  of  the  year.  The  develop- 
ments in  coal  mining  have  already  been  simomarized  (pp.  25,  26). 

WILLOW  CBEEK  DISTBICT. 

w 

Piwiuctive  mining  was  done  on  three  properties  in  the  Willow 
Creek  district  in  1920.  These  were  the  Mabel  mine,  the  Gold  BuUion 
mine,  and  the  Independent,  Brooklyn,  and  Free  Gold  mines,  consoh- 
dated  into  one  holding  by  the  KeUy  Mines  Co.  Lode  mining  in  this 
district  has  heretofore  been  done  in  a  small  way  on  properties  worked 
only  during  the  open  season,  and  the  several  small  mills  were  built  at 
altitudes  so  high  that  they  could  obtain  water  only  during  the  sum- 
mer. Since  mining  began,  in  1908,  the  district  has  produced  66,053 
tons  of  ore,  from  which  the  average  value  of  gold  recovered  has  been 
$27.70  per  ton  and  the  silver  recovery  0.1  ounce  per  ton.  These 
figures  do  not,  however,  represent  the  whole  value  of  the  ores,  for  the 
gold  is  largely  free  gold,  recovered  by  rather  crude  milling  practice. 
Thus  far  little  of  the  concentrates  has  been  utilized.  Larger  opera- 
tions have  now  been  planned  and  an  increase  in  the  output  of  gold 
can  be  confidently  expected.*® 

The  follovm^  table  shows  the  progress  and  results  of  lode  mining 
in  the  Willow  Creek  district.    In  addition  to  the  production  of  lode 

«  Jobnaon,  B.  L.,  The  central  and  northern  part  of  Kenai  Peninsula:  U.  8.  OeoL  Sarrey  Boll.  fiB7,  pp. 
173-176,1915. 

••  The  ere  bodiee  of  the  WtOow  Creek  district  are  deeeribed  in  the  fdowlng  pablications: 

Ci^pe»S.&.,  The  Willow  Creek  diatrlct:  U.  8.  QeoL  Survey  Bull.  607, 1015;  Gold  mining  in  the  Willow 
Creek  district  [1915]:  U.  8.  Oeoi.  Surrey  Bull.  642,  pp.  195-200,  1916;  Oold-lode  mining  in  the  Willow 
Creek  district  [1917]:  U.  8.  Qeol.  Surrey  Boll.  692,  pp.  177*186, 1919. 

Chapin,  Theodore,  Lode  devdopmentsln  the  the  Willow  Creek  district  (19191:  U.  8.  Qeol.  Survey  Bull. 
712,  pp.  169-176, 1920;  Lode  developments  in  the  Willow  Creek  district  [1919]:  U.  S.  Oeol.  Survey 
BulL  714,  pp.  901-206, 1921. 


42 


MINERAL  BE80UECES  OF  ALASKA,  1920. 


gold  about  $30|000  worth  of  placer  gold  has  been  taken  from  the 
gravels  of  Willow  CSreek.  A  little  placer  mining  was  done  in  this 
field  as  early  as  1897,  but  no  output  has  been  made  from  these  placers 
during  the  last  10  years. 

Gold  and  silver  produced  at  lode  minei  in  the  Willow  Creek  dietrict,  1908-1920. 


Year. 


1W8 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1990 


Mines 
opcimted. 


Ore 
mined 
(short 
tons). 


13 

140 

144 

812 

S,0QO 

8,028 

10,110 

6,117 

13,188 

7,885 

13,048 

6,780 

3,800 


66,068 


Oolct 


Quantity 
(ounoes). 


87.06 

1,015.87 

1,320.18 

2,505.82 

4,673.02 

4,883.94 

14,376.28 

11,961.55 

14,473.46 

9,466.17 

13,043.06 

7,882.00 

3,067.00 


88^756.89 


Vafaw. 


81,800 

21,000 

21,390 

51,800 

96,600 

100,960 

807,184 

347,267 

209, 1«3 

196,662 

369,624 

163,944 

68,400 


1,828^734 


Qoaotity 
(canoes). 


6.88 
80.26 
104.29 
197.95 
869.07 
385.83 

1,880.00 
811.00 

1,468.00 
713.00 
734.00 
508.00 
148.00 


6,846.37 


Valos. 


88.64 

41.73 
66.81 
109.91 
336.97 
333.42 
735.00 
431.00 
067.00 
686.00 
734.00 
509.00 
158.00 


4,77L9e 


YB2ITKA  DISTBICrr. 

Only  about  half  the  placer-mining  operators  in  the  Yentna  dis- 
trict made  complete  returns  in  1020,  but  it  is  estimated  that  21  placer 
mines,  employing  55  men,  were  operated  in  this  district  during  the 
year,  and  that  they  produced  gold  having  a  value  of  S45,000.  The 
value  of  the  output  of  gold  in  1019  was  $95,000.  The  length  of  the 
mining  season  in  1920  was  about  150  days,  but  the  mines  were  oper- 
ated for  an  average  of  only  92  days.  The  returns  from  7  mines,  of 
which  5  were  hydraulic,  showed  that  the  value  of  the  gold  recovery 
per  cubic  yard  ranged  from  40  cents  to  $2  and  averaged  70  cents. 

Several  hydraulic  plants  are  being  installed  in  the  district,  and  a 
hydroelectric  plant  is  being  built  to  furnish  power  fOr  the  Cache 
*  Creek  dredge,  which  has  not  been  operated  in  two  years.  The  com- 
pletion of  the  Talkeetna-Cache  Creek  wagon  road,  now  under  con- 
struction by  the  Alaska  Road  Commission,  will  do  much  to  revive 
ynming  in  the  Yentna  district. 

UPPEB  STTSITNA  VALLBY  AND  BBOAD  PASS  BBOION. 

No  productive  mining  was  done  in  the  upper  Susitna  Valley  nor  in 
the  Broad  Pass  region  in  1920  except  the  digging  of  a  little  lignitic 
coal  for  local  use  at  Sullivan  Road  House  and  possibly  a  little  placer 
ywiT^JTig  at  widely  scattered  localities.  Interest  in  the  gold  and  cop- 
per lodes  of  this  region  has  continued,  and  in  the  aggregate  consider- 
able development  work  was  done,  but  the  details  are  lacking  at  this 
writing. 
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SOXJTHWESTEBN  AI«ASXA. 

No  productive  mining  was  done  in  southwestern  Alaska  in  1920 
except  small  beach-placer  operations  on  Kodiak  Island.  The  devel- 
opment of  the  sulphur  on  Akun  Island  has  already  been  recorded 
(p.  33) ,  as  well  as  the  staking  of  petroleum  claims  in  the  Cold  Bay  and 
other  regions  of  the  Alaska  Peninsula  (pp.  131-132). 

YUKON  BASIN. 

The  value  of  the  total  mineral  output  of  the  Alaska  Yukon  region 
in  1020  was  $2,329,286;  the  value  in  1919  was  $3,049,061.  No  en- 
couraging advances  were  made  during  the  year  except  some  develop- 
ment of  gold  and  silver  lodes  in  the  Kantishna  district  and  the  sys- 
tematic mining  of  coal  in  the  Nenana  field.  The  sources  of  the  prod- 
uct in  1920  and  the  total  mineral  production  since  mining  began,  in 
1886,  are  presented  in  the  following  tables: 

Mineral  production  of  the   Yukon  bating  AUuka,  in  1920, 


Gold flneooncQs.. 

Silver do 

Tin.  metal pounds.. 

Coal tons.. 

Lead  and  copper 


Placer  mines. 


Qnantlty. 


96,  £06 
12,906 
11,057 


Value. 


$1,905,000 

14,008 

3,464 


2,012^632 


Lode  mines. 


Quantity. 


2,586 
131,296 


Valne. 


863,447 
143,000 


12,800 


200,846 


TotaL 


Quantity. 


90,096 

144.181 

11,067 

21,252 


Value. 


12,046,447 
157^156 
3,464 
107,418 
12,800 


2,320,286 


Mineral  production  of  the  Yvhon  ha»in,  AUuika^  1886-1920. 


Placer  mines. 

Lode  mines. 

All  mines. 

Quantity. 

Value. 

Quantity. 

Valne. 

Quantity. 

Value. 

Gold flneoonoes.. 

SUver do.... 

Tin.  metal pounds.. 

Ooai ....tons.. 

6,306,858 

1,063,447 

327,467 

6130,352,000 
656,390 
162,194 

62,364 
160,030 

Sl,288»677 
152,012 

6,368,222 
1,233,477 

327,467 
42,851 

275,321 

6131,640,677 
806,402 
162,194 

253.621 

275^321 

14,481 
326,500 

14,481 
328,600 

Antim<»iy,   tungsten,  and 

3,100 

131,173,684 

1,780,670 

133,207,976 

In  1920  the  Alaska  Yukon  region  produced  about  $1,995,000  and 
in  1919  $2,910,000  worth  of  placer  gold.  The  decrease  in  output 
was  rather  evenly  distributed  among  all  the  districts  except  the  Ruby 
district,  which  practically  maintained  its  output  of  1919.  The 
Tolovana  district  showed  the  greatest  percentage  of  loss  as  compared 
with  previous  years.  About  273  placer  mines,  giving  employment  to 
about  1,130  men,  were  operated  during  the  summer  of  1920,  and  69, 
giving  employment  to  270  men,  were  operated  during  the  previous 
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winter.  A  very  lai^  number  of  these  mines  were  worked  for  only 
a  part  of  the  season.  In  1919  274  mines,  employing  1,246  men, 
were  worked  in  the  summer  and  76,  employing  255  men,  in  the 
winter. 

E$linuatd  vabu  o/  gold  pndueidftom  prineipal  plaoen  o/  Yuhm  bonn,  I9t0. 

FaiibuikB 9580,000  HanfaaU 990,000 

Iditarod 606,000  (Srclo 55,000 

Tolovana 200,000  HotSpilngB 60,000 

Ruby 170,000  AUotiierB. . 

iDDoko  and  Tolstoi 103,000 

Koyukuk 90,000 


1,996,000 


FAIRBANKS   DISTBICT. 

The  value  of  the  total  mineral  production  of  the  Fairbanks  dis- 
trict in  1920  wa8  $605,998,  represented  entirely  by  gold  and  silver, 
for  no  other  metals  were  mined.  Ilie  total  mineral  output  of  the 
district  to  date  is  $72,650,767.  The  output  for  1920  waa  practically 
all  obtained  from  placer  mines  (see  subjoined  table),  about  45  of 
which,  employing  345  men,  were  operated  in  the  summer  of  1920 
and  .9,  employing  54  men,  in  the  previous  winter.  During  the  sum- 
mer of  1919  there  were  in  operation  53  mines,  employing  350  men, 
and  during  the  previous  winter  24  mines,  employing  86  men. 

Placer  gold  and  tUver  produced  in  Ihe  Fairbaiiit  dittriet,  1903-1910. 


OgU. 

SUvtr. 

Yw. 

ouDcaa). 

V«ln». 

S" 

V»!qb. 

\.K&.V> 

1 
\ 

us 

1 

SI,  MS 
48,182 
30,271 

1 

Is 

iS;SSS 

g7,OTS.0O 
03,371.  U 

SJSS 

28.I»T.50 

g-SI 

^S 

.■fS 

■« 

3.U0,WB.26 

70,710,000 

MS,  278 

318,39 

The  placer  mines  can  be  classed  as  follows:  One  dredging  company, 
operating  2  dredges;  22  open-cut  mines,  using  steam  scrapers;  2 
hydraulic  mines;  7  open-cut  mines,  worked  by  pick  and  shovel;  and 
13  deep  mines,  worked  by  thawing  and  drifting.  The  two  dredges  on 
Fairbanks  Creek  carried  on  the  largest  single  operation.    The  lai^est 
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of  the  open-cut  .mines  were  on  Goldstream  Creek  and  its  tributaries. 
The  13  deep  mines  produced  gold  to  the  value  of  about  $150,000. 

An  attempt  has  been  made  in  the  following  table  to  distribute  the 
total  placer-gold  production  of  the  Fairbanks  district  by  the  creeks 
on  which  the  mines  are  located,  although  the  information  available  as 
to  the  source  of  the  gold  may  not  be  very  accurate. 

Approximate  distribution  of  gold  produced  in  the  Fairbanks  district,  1903-1920. 

Cleary  Creek  and  tributaries $23, 098, 000 

Goldstream  Creek  and  tributaries 14, 625, 000 

Ester  Creek  and  tributaries 11, 369, 000 

Dome  Creek  and  tributaries 8, 149, 000 

Fairbanks  Creek  and  tributaries 7, 857, 000 

Vault  Creek  and  tributaries 2, 665, 000 

Little  Eldorado  Creek 2,269,000 

AU  other  creeks 688,000 

70, 710, 000 

About  386,000  cubic  yards  of  gravel,  having  an  average  gold  content 
of  $1.50  to  the  cubic  yard,  was  sluiced  in  the  Fairbanks  district  in 
1920..  The  returns  made  by  seven  of  the  thirteen  deep  mines  were 
nearly  enough  complete  to  permit  the  following  analysis.  These 
mines  were  operated  for  an  average  of  240  days,  two  of  them  through- 
out the  year.  They  employed  an  average  of  6.5  men  each.  They 
hoisted  in  all  32,600  cubic  yards  of  gravel,  from  which  $134,000  worth 
of  gold  was  sluiced.  The  value  of  the  gold  content  of  the  gravel  per 
cubic  yard  ranged  from  $2.46  to  $8.27  and  averaged  $4.11.  The 
gravel  mined  per  man  per  day,  including  surface  and  underground 
employees,  ranged  from  0.73  to  3.25  cubic  yards  and  averaged  2.59 
cubic  yards. 

The  large  open-cut  mines  in  the  Fairbanks  district  were  operated 
on  an  average  for  130  days.  The  returns  from  these  mines  are  not 
nearly  enough  complete  to  permit  a  determination  of  the  average 
gold  recovery,  but  if  the  hydraulic  mines  are  included  and  not  the 
dredges,  it  ranged  from  54  cents  to  $1.78  a  cubic  yard. 

There  was  little  development  of  the  auriferous  lodes  in  the  district 
during  1920,  nor  were  any  discoveries  reported.  Work  was  continued 
in  a  small  way  at  the  Crites  &  Feldman  and  Billy  Sunday  (Smith  & 
McGonnigle)  properties,  and  incidentally  some  ore  was  mined  and 
milled.  Similar  but  smaller  operations  were  carried  on  at  half  a  dozen 
other  quartz  properties.  These  activities  are  exceptional,  for  the 
general  practice  of  the  owners  of  lode  property  in  the  district  is  to 
await  lower  operating  costs  before  attempting  lode  developments. 
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Lode  gold  and  tUver  prodmsed  in  the  Fmrbanh  dittrietf  191O-19t0. 


Year. 


1910 
1911 
1012 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


Crude  ore 
(short 
tons). 


148 

875 

4,708 

12,237 

6,526 

5,8«5 

1,111 

1,200 

1,035 

1,384 

504 


35,573 


Gold. 


Quantity 

(fine 
ouBoee). 


84L19 

'  3,103.02 

9,416.64 

16,904.98 

10,904.75 

10,534.01 

1,904.81 

2,311.38 

1,204.04 

2,026.57 

067.48 


60,208l67 


Value. 


$17,380 

64,145 

104,657 

340,457 

225,421 

217,776 

80,376 

47,781 

26,750 

41,803 

20,000 


1,244,645 


SUver. 


Quantity 

(fine 
ounow). 


106 

582 

1,578 

4,134 

2,200 

1,706 

140 

2,217 

616 

878 

164 


13,010 


Value. 


tS7 

306 

971 

2,401 

1,222 

010 

02 

1,836 

616 

434 

178 


0,005 


HOT   SPRINGS  DISTRICT. 

As  will  be  seen  from  the  subjoined  table,  the  gold  output  of  the 
Hot  Springs  district  was  only  about  half  as  large  in  1920  as  in  1919. 
Eleven  placer  mines,  employing  30  men,  were  operated  in  the  summer 
of  1920,  and  4,  employing  15  men,  in  the  previous  winter.  The  value 
of  the  average  gold  recovery  from  deep  mines  was  about  $5.50  per 
cubic  yard.  Six  of  these  mines  produced  a  Uttle  stream  tin,  the  total 
output  being  7,057  poimds.  The  district  has  produced  in  all  265^ 
tons  of  concentrates,  containing  about  336,060  pounds  of  metallic  tin, 
valued  at  $157,695. 

Placer  gold  and  nlver  produced  in  the  Hot  SpringB  district^  190t-19tO. 


Year. 


1903-3 
1904.. 
1905.. 
1906.. 
1907.. 
1908.. 
1909.. 
1910.. 
1911.. 
1912.. 
1913.. 
1914.. 
1915.. 
1916.. 
1917.. 
1918.. 
1919.. 
1920.. 


Gold. 


Quantity 

(fine 
ounces). 


12,717.79 

7,038.56 

5,805,00 

8,707.50 

8,465.63 

7,25&25 

15,721.88 

15,721.88 

37,974.37 

19, 35a  00 

19,350.00 

36,281.25 

29,508.75 

38,700.00 

21,7fi8.75 

7,256.25 

4,837.50 

2,418.75 

298,880.11 


Value. 


1262,900 
145,500 
120,000 
180,000 
175,000 
150,000 
323,000 
325,000 
785,000 
400,000 
400,000 
750,000 
610,000 
800,000 
450,000 
150,000 
100,000 
50,000 

6,178,400 


saver. 


Quantity 

(fine 
ounces). 


1,818 
1,007 
831 
1,245 
1,210 
1,038 
2,348 
2,248 
5,430 
3,367 
3,367 
6,125 
4,982 
6,534 
3,675 
1,225 
817 
667 

47,534 


Value. 


S964 

584 

607 

843 

798 

550 

1,169 

1,169 

2,932 

2,009 

1,973 

3,387 

3,536 

4,399 

3,028 

1,225 

915 

618 

29,496 
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TOLOVANA   mSTBICT. 

A  shortage  of  water  prevails  in  the  Tolovana  district  in  all  hut 
very  wet  seasons  and  has  hampered  mining  for  the  last  two  years. 
About  13  mines,  employing  106  men,  were  operated  during  the  sum- 
mer of  1920,  and  6  mines,  employing  60  men,  during  the  preceding 
winter.  In  1920,  as  in  previous  years,  the  mines  making  the  largest 
production  were  those  of  Livengood  Creek. 

Flacer  gold  and  silver  produced  in  the  Tolovana  dietriet,  191S-19tO. 


1015 
1916 
1917 
1918 
1919 
1990 


Gold. 


Qnantity 

(fine 
ounces). 


3,870.00 
33,863.  fiO 
65,631.25 
42,328.12 
25,396.88 

9,675.00 


170,763.75 


Value. 


880,000 
700,000 
1,150,000 
875,000 
525,000 
200,000 


3,530.000 


SQyer. 


Qnantity 

(fine 
ounces)* 


321 
2,813 
8,430 
4,060 
2,141 

819 


18,634 


Value. 


8163 
1,851 
6,946 
4,060 
2,454 


16,367 


BAMPABT  DISTRICT. 


Only  small  placer  mines  are  heing  operated  in  the  Rampart  dis- 
trict. In  1920  there  were  10  summer  mines,  employing  20  men,  and 
4  winter  mines,  employing  6  men. 

Placer  gold  and  eUver  produced  in  the  Rampart  district,  1896-2920. 


Year. 


1806-1903 

1904 

1906 

1906 

1907 

1908 

1900 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1930 ' 


Gold. 


Qnantity 

(fine 
ounces). 


29,799.00 
4,353.76 
3,870.00 
5,805.00 
6,046.87 
3,628.12 
4,837.60 
2,080.12 
1,548.00 
1,548.00 
1,548.00 
1,451.25 
1,693.13 
1,935.00 
1,506.37 
1,161.00 
1,451.25 
967.50 

75,319.86 


Value. 


8616,000 
90,000 
80,000 
120,000 
125,000 
75,000 
100,000 
43,000 
32,000 
83,000 
82,000 
30,000 
35,000 
40,000 
33,000 
94,000 
30,000 
30,000 

1,597,000 


SUyer. 


Qnantity 

(fine 
ounces). 


4,440 
649 
576 
865 
901 
540 
721 
310 
231 
374 
274 
257 
300 
343 
280 
306 
90 
09 

11,336 


Value. 


82,664 
376 
351 
588 

595 


375 
167 
125 
169 
165 
143 
152 
226 
231 
206 
101 
75 

6,994 
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dBCLE   DI8TBI0T. 


The  output  of  gold  in  the  Circle  district  in  1920  was  only  about 
one-third  of  that  in  1919.  About  20  mines  were  operated,  employing 
some  50  men  in  the  summer  of  1920,  and  about  9  mines,  employing 
15  men,  in  the  previous  winter.  The  small  output  of  gold  was  due 
partly  to  the  closing  down  of  the  dredge  and  partly  to  a  dry  season, 
which  caused  a  shortage  of  water  for  sluicing. 

Fl/Ktt  gold  and  tUver  produced  in  the  CSrde  dittrict,  ISB^^lStO, 


Year. 


18M 
1805 
180e 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
19M 
1905 
1906 
1907 
1906 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


Odd. 


Qnantity 

(fine 
oiiiioes). 


7, 
33, 
24. 

19, 
12, 
12, 

I: 

9, 
9, 
9, 

■ 

10, 

'I 

'I: 

10, 

11, 

I: 


483.76 
256l25 
882.60 
187.50 
350.00 
093.75 
003.75 
676.00 
675.00 
675.00 
675.00 
675.00 
512.50 
675.00 
465.63 
884.37 
884.37 
931.25 
721.87 
465.63 
884.37 
126.25 
612.60 
675.00 
465^63 
530.63 
660.62 


317,098wl2 


Value. 


810,000 
150,000 
700,000 
500,000 
400,000 
250,000 
250,000 
200,000 
200,000 
200,000 
200,000 
200,000 
300,000 
200,000 
175,000 
225,000 
225,000 
350,000 
325,000 
175,000 
225,000 
230,000 
300,000 
200,000 
175,000 
135,000 
55,000 


6,555,000 


BUver. 


Quantity 

(fine 
ouDoes). 


123 
1,886 
8,79(4 
6,289 
5,031 
3,144 
3,144 
2,512 
2,512 
3,144 
3,144 
3,144 
3,773 
3,144 
2,212 
2,830 
2,830 
4,402 
2,439 
1,314 
1,689 
1,727 
2,252 
1,561 
1,798 
1,260 

464 


76,662 


Value. 


f77 
1,226 
6,060 
3,773 
2,968 
1,886 
1,886 
1.507 
1,331 
1,696 
1,823 
1,918 
2,565 
2,075 
1,166 
1,472 
1,5SB 
2,333 
1,500 
794 
934 
875 
1,482 
1,285 
1,798 
1411 
506 


47,897 


BICHARDSON   DISTRICT. 


Auriferous  gravels  are  rather  widely  distributed  in  the  Richardson 
district,  in  the  Tanana  Valley.  No  very  rich  placers  have  been 
found,  and  the  mining  consists  of  relatively  small  operations  at 
widely  scattered  localities.  It  is  estimated  that  eight  mines,  employ- 
ing 18  men,  were  operated  in  the  summer  of  1920,  and  one  mine, 
employing  3  men,  was  operated  in  the  previous  winter. 
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Placer  gold  and  silver  produced  in  the  Richardson  dittrict,  1905-1920, 


Ymt. 


1906. 
1906. 
1907. 
1906. 
1900. 
1910. 
1911. 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1900 


Oold. 


Quantity 
(ikne 
I). 


4,837.80 

18,140.62 

18,140.62 

7,256.25 

4,837.50 

4,837.50 

4  837.50 

4,837.60 

4,837.50 

4,595.62 

3,870.00 

1,280.37 

290.25 

488.75 

338.62 


83,430.10 


Valae. 


8100,000 

375,000 

375,000 

150,000 

100,000 

100,000 

100,000 

100,000 

100,000 

05,000 

80,000 

25,000 

6,000 

10,000 

7,000 


1,723,000 


saver. 


Qimnttty 
(fine 


(•) 


3,707 

8,707 

1,483 

089 

089 

ww 

960 

960 

939 

790 

245 

59 

99 

09 


17,032 


Value. 


(•) 


1673 

2,447 

1,965 

771 

534 

524 

606 

597 

547 

476 

520 

908 

59 

111 

75 


10,109 


EAQLE   DISTRICT. 


In  the  Eagle  district  about  10  mines,  employing  25  men,  were  op- 
erated in  the  summer  of  1920.  There  was  no  winter  mining.  Most 
of  the  productive  mining  was  done  in  the  Seventymile  basin. 

Placer  gold  and  silver  produced  in  the  Eagle  and  Seventymile  districts,  1908-1920. 


1906. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1916. 
1916. 
1917. 
1918. 
1919. 
1900. 


Gold. 


Quantity 

(fine 
ouDoes). 


483.75 

1,200.37 

483.75 

580.50 

967.50 

2,418.75 

2,418.75 

1,936.00 

828.37 

628.88 

1,209.37 

960.50 

725.62 


14,853.11 


Value. 


810,000 
25,000 
10,000 
12,000 
20,000 
50,000 
50,000 
40,000 
17,000 
13,000 
25,000 
20,000 
15,000 


307,000 


surer. 


Quantity 

(fine 
ouDoes). 


76 
191 

76 

92 
164 
882 
882 
305 
130 

96 
191 
162 

99 


3,336 


Value. 


840 
99 

41 

49 

100 

281 

211 

156 

86 

75 

191 

170 

106 


1,566 


FORTTMILE  DISTKIOT. 

The  miners  of  the  Fortymile  district  suffered  losses  in  1920  because 
of  a  lack  of  water  for  sluicing,  as  the  summer  was  exceptionally  dry. 
For  this  reason  and  because  of  the  general  economic  conditions  the 
output  of  gold  was  smaller  than  it  has  been  for  20  years.  About  22 
mineSy  employing  30  men,  were  operated  in  the  summer  of  1920,  and 
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12  mines, '  employing  20  men,  during  the  previous  winter.  These 
figures  show  that,  much  the  larger  part  of  this  mining  was  done  by 
men  working  alone,  who  obtained  their  gold  from  the  relatively  rich 
pockets  of  auriferous  gravels.  These  ''snipers/'  though  their  opera- 
tions augment  the  number  of  mines,  do  not  add  greatly  to  the  pro- 
duction of  gold.  The  value  of  the  recovered  gold  per  man  per  year 
in  this  type  of  mining  does  not  average  more  than  a  few  hundred  dol- 
lars, not  enough  to  pay  for  a  year's  provisions.  (See  pp.  15-17.) 
These  small  operations  were  forced  upon  many  of  the  miners  because 
the  lack  of  water  prevented  the  larger  operations. 

Though  productive  mining  was  at  a  low  ebb  in  the  Fortymile  dis- 
trict dining  1920,  there  was  some  systematic  prospecting  of  lai^er 
bodies  of  auriferous  gravels  on  both  Dennison  and  North  forks.  A 
hydraulic  plant  was  being  installed  on  the  upper  end  of  Jack  Wade 
(>eek.  The  completion  of  the  wagon  road  from  Eagle,  part  of  which 
is  now  only  a  sled  road,  would  do  much  toward  stimulating  the  mining 
industry  of  this  isolated  district. 

Placer  gold  and  stiver  produced  in  the  FortymUe  district,  188&-19tO, 


188^-1903 

1904 

1006 

1906 

1907 

1906 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 


Oolil. 


Quantity 
(fine 

OQDOQS). 


193,500.00 

14,851.12 

12,384.00 

9,868.50 

6,772.50 

6,772.50 

10,884.37 

9,675.00 

9,575.00 

10,303.87 

4,837.50 

2,418.75 

2,418.75 

2,418.75 

3,870,00 

3,628.12 

1,983.37 

1,935.00 


308, 197. 10 


Value. 


64,000,000 

307,000 

256,000 

204,000 

1«0,000 

140,000 

225,000 

200,000 

200,000 

213,000 

100,000 

50,000 

50,000 

50,000 

80,000 

75,000 

41,000 

40,000 


6,371,000 


Silvw. 


Quantity 

(ikne 
oonoea). 


30,563 

2,345 

1,955 

1,558 

1,069 

1,069 

1,719 

1,528 

1,528 

1,627 

764 

382 

382 

382 

624 

573 

313 

348 


48,791 


Value. 


622,915 

1,360 

1,198 

1,059 

706 

567 

894 

825 

810 

1,000 

461 

211 

194 

251 

513 

573 

350 

380 


34,363 


CmSAXA   DISTRICT. 

The  Chisana  district  is  in  the  headwater  region  of  Tanana  River 
and  is  difficult  of  access.  Though  it  lies  within  the  Yukon  basin 
the  district  receives  its  supplies  and  obtains  its  transportation  through 
the  Copper  River  basin.  About  8  mines,  employing  18  men,  were 
operated  in  the  district  during  the  summer  of  1920;  there  was  no 
winter  mining.  Though  no  large  deposits  of  valuable  auriferous 
gravels  nor  rich  placers  were  found  in  1920,  the  gravel  mined  ranged 
from  81  cents  to  $12.40  per  cubic  yard  and  averaged  about  $2.08. 
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SI 


The  mines  were  operated  for  an  average  of  about  120  days.  The 
information  in  hand  shows  that  the  average  earnings  of  the  miners 
were  about  $10  a  day,  or  $1,200  for  the  season,  so  that  in  spite  of  the 
high  cost  of  supplies  the  few  miners  in  the  district  were  better  off 
than  the  average  small  operators  of  Alaska.     (See  pp.  15-17.) 

Placer  gold  and  silver  produced  in  the  CMsana  dietriety  191S'19tO, 


Gold. 

Silver. 

Y€tf. 

Qiutntlty 

(fine 
oonoes). 

Value. 

Qnantity 
(fine 

Valoe. 

1913 

1,03&00 
12^083.75 
7,74a  00 
1,935.00 
1,935.00 

725.63 
l,306wl2 

967.50 

940,000 
250,000 
160,000 
40,000 
40,000 
15,000 
27,000 
20,000 

465 
2,910 
1,862 
465 
420 
160 
314 
137 

S280 

1914 

1,600 
944 

1915 

1916 

SOB 

1917 

1918 

346 
160 

1919 

352 

1020 

150 

28^038.00 

502,000 

6,733 

4,147 

BONNIFXBLD  DISTRICT. 


Small-scale  placer  mining  was  done  on  Moose,  Eva,  and  Daniel 
creeks,  in  the  Bonnifield  district,  during  1920.  It  is  estimated  that 
6  mines  were  operated  during  the  summer,  employing  about  10  men. 
The  coal  mining  in  the  Nenana  field,  lying  within  the  Bonnifield  dis- 
trict, has  already  been  described  (p.  126). 

Placer  gold  and  silver  produced  in  the  Bonnifield  district,  190S-19tO. 


Ycv. 


1«B-1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

100 


Gold. 


Quantity 

(fine 
ounces). 


1,451.25 
241.87 
241.87 

2^41^75 
483.75 
967.50 
967.50 
967.50 

1,45L25 
967.50 
483.75 
58a  50 
580.50 
483.75 
241.87 

12,529111 


Value. 


830,000 

5,000 

5,000 

50,000 

10,000 

20,000 

20,000 

20,000 

30,000 

2^000 

10,000 

12,000 

12,000 

10,000 

6,000 

259,000 


SOver. 


Quantity 

(fine 
ounces). 


227 

38 

38 

379 

76 

152 

152 

153 

227 

162 

76 

98 

91 

76 

38 

1,971 


Value. 


$136 
26 
20 
197 
41 
81 
98 
92 
126 
77 
SO 
81 
91 
84 
41 

1,235 
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KANnSHNA  DISTRICT." 

The  mining  of  galena  orea  cacrying  much  silver  at  ihe  Qoiglej  mine, 
in  the  Kantishna  district,  has  greatly  stimulated  prospecting  for  both 
lodes  and  jdacers  in  the  district.  Mining  was  probably  more  active 
in  the  Kantishna  than  in  any  other  district  of  the  Yukon  r^on. 
The  production  from  placer  mining  was,  however,  about  the  same  as 
in  previous  years.  About  20  mines,  employing  about  55  men,  were 
operated  in  the  summer  of  1920.  The  largest  output  of  gold  was 
made  on  Glenn  Creek;  the  next  creeks  in  order  were  Eureka,  Moose, 
Little  Moose,  and  Wickersham.  The  placers  of  the  district  are  not 
rich,  the  value  of  the  average  gold  recovery  from  them  in  1920  being 
about  $1  a  cubic  yard.  This  district,  however,  contains  some  con- 
siderable bodies  of  low-grade  gravel;  which  should  give  profitable 
returns  if  worked  on  a  laige  scale. 

Placer  gold  and  silver  f/roduced  in  the  KarUiahna  district,  1903-19^0. 


1909-1006 

1907 

1908 

1900 

1010 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1900 


Gold. 


Quantity 
(fine 
1). 


8^463.62 
725^62 
72&62 
211.87 
483.75 

1,451.25 

1,451.25 

1,451.25 
967.50 
967.50 

1,451.25 
725.63 

1,451.25 
72&63 

1,209.37 


22,404.96 


Value. 


$175,000 
15,000 
15,000 
5,000 
10,000 
30,000 
30,000 
30,000 
20,000 
20,000 
30,000 
15,000 
30,000 
15,000 
25,000 


465,000 


saw. 


Quantity 

(fine 
ounces). 


1,32& 
114 
lU 
38 
76 
227 
227 
227 
152 
158 
227 
120 
227 
114 
320 


3,660 


Value. 


S796 
75 
60 

ao 

41 
120 
140 
137 

81 

77 
119 

90 
227 
129 
349 


2,501 


Stewarf  has  summarized  the  lode  mining  developments  in  the 
district  during  1920  as  follows: 

Aitken  property  (Quigley  mine). — The  twenty-^xld  claims  comprifling  this  property, 
owned  by  Quigley  &  Dalton,  are  being  worked  under  option  by  Mr.  Thos.  P.  Aitken. 
The  group  practically  covers  the  ridge  forming  the  divide  between  Friday  and  Eureka 
creeks  (known  as  Quigley  Mountain)  and  extends  from  the  low  bench  bordering  Moose 
Creek  to  the  summit  of  Quigley  Mountain. 

Work  imder  this  option  has  continued  throughout  the  past  two  seasons,  and  a  con- 
siderable amount  of  high-grade  ore  has  been  shipi)ed  to  the  Selby  smelter,  at  San 
Francisco. 

Mining  and  shipping  costs  under  present  conditions  make  shipment  of  ore  running 
less  than  200  oimces  in  silver  to  the  ton  prohibitive.  The  ore  consists  principally 
of  silver-bearing  galena  and  gray  copper  (tetrahedrite). 

n  Capps,  S.  R.«  The  Kantishna  region,  Alaska:  U.  S.  Geol.  Survey  Boll.  687, 1919. 
"  Stewart,  B.  D.,  Annual  report  of  the  Territorial  mine  inspector  to  the  governor  of  Alaska,  1930, 
pp.  12-14, 1921. 
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The  mine  equipment  at  the  Aitken  camp  consists  of  a  blacksmith  shop,  ore-aaBorting 
table  and  grizzly,  and  a  combined  bunkhonse  and  boarding  house  with  bunks  for 
fifteen  men.    Eleven  men  were  employed  at  the  time  of  visit. 

Shipments  have  been  made  from  two  distinct  ore  shoots.  These  are  practically 
parallel,  running  northeasterly  and  southwesterly  and  separated  by  a  distance  of  a 
few  hundred  feet. 

During  the  seaeon  of  1919  work  was  confined  to  the  upjier  or  southerly  one  of  these 
two  ore  bodies.  The  workings  consist  of  a  shaft  100  feet  in  depth,  from  which  drifts 
were  run  at  the  30  and  60  foot  levels  below  the  collar.  As  mined,  this  shoot  has  been 
shown  to  be  over  200  feet  in  length.  A  crosscut  timnel  was  nm,  at  the  elevation  of 
the  bottom  of  the  shaft,  having  a  length  of  approximately  300  feet,  and  from  this  a 
drift  was  run  to  connect  with  the  bottom  of  the  shaft.  No  work  was  being  done  on 
this  ahoot,  and  the  workings  were  obstructed  by  ice  at  the  tune  of  visit,  in  October, 
1920. 

The  ore  body  now  being  exploited  is  opened  by  a  shaft  40  feet  deep,  connection  with 
the  bottom  of  which  is  made  by  a  crosscut  timnel,  known  as  the  main  timnel,  130 
feet  long,  and  a  drift  on  the  ore  shoot  approximately  75  feet  in  length.  A  second 
croascut  90  feet  long  has  been  driven  at  a  distance  of  about  40  feet  from  the  main 
tunnel  and  parallel  to  it,  from  which  a^drift  has  been  run  westerly,  almost  connecting 
with  the  main  tunnel. 

At  the  time  of  visit  stoping  was  in  progress  in  the  vicinity  of  the  shaft  above  the 
main  level.  A  shaft  located  on  the  strike  of  the  above-described  ore  body  and  about 
150  feet  east  of  the  main  tunnel  had  been  started  on  the  outcrop  and  was  down  about 
20  feet,  with  work  still  proceeding  in  it.  Very  good  ore  was  being  secured  from 
this  shaft. 

Galena  lode. — ^The  Galena  lode  prospect  is  described  in  United  States  Geological 
Survey  Bulletin  No.  687,  pp.  106-106. 

This  property  is  now  controlled  by  Mr.  James  Haney,  who  has  established  a  camp 
on  the  ground  and  has  outlined  a  systematic  'program  of  development,  which  is  being 
put  through  this  winter. 

A  sled  road  has  been  built  to  the  workings  and  a  season's  supplies  laid  in  at  the  camp. 

At  the  time  of  visit  (October,  1920)  approximately  50  tons  of  high-grade  ore  had  been 

taken  out  and  sacked  for  shipment,  and  it  was  estimated  that  at  least  an  additional 

100  tons  would  be  sacked  during  the  winter.    Surface  prospecting  had  been  carried 

on  at  numerous  places  with  encouraging  results. 

During  the  present  winter  it  is  planned  to  drive  a  75-foot  crosscut  on  the  ground 
and  then  sink  a  winze  on  the  ore  zone  in  order  to  prospect  the  deposit  at  greater  depth. 
If  conditionB  prove  favorable,  a  lower  tunnel  is  proposed.  With  a  length  of  507  feet 
this  tunnel  would  give  a  depth  of  228  feet  below  the  present  timnel. 

As  at  the  Aitken  property,  the  ore  on  the  Galena  prospect  is  steel  galena  and  gray 
copper,  both  carrying  high  silver  content. 

Red  Top  lode, — The  Ked  Top  lode,  owned  by  Joseph  Quigley,  lies  at  the  foot  of 
Quigley  Mountain,  on  the  bench  a  short  distance  south  of  Friday  Creek  near  its  con- 
fluence with  Moose  Creek,  and  adjoins  the  Aitken  group  on  the  west.  Numerous 
w^-constructed  and  well-planned  open  cuts  expose  the  outcrop  of  the  ore  shoot  over 
a  strike  length  of  about  300  feet.  The  average  width  of  the  ore  body  appears  to  be 
about  9  feet. 

The  work  done  reveals  a  very  encouragiDg  showing  of  galena  and  gray  copper  ore 
which  is  deserving  of  thorough  exploration. 

Apex  lode. — 0.  M.  Grant  has  located  the  Apex  lode,  adjoining  the  Galena  lode  on 
the  west,  and  lying  on  the  bench  between  the  Galena  lode  and  Moose  Creek.  An  open 
cut  was  driven  during  the  1920  season. 

DaUon  ctotTiu.— Northwest  of  the  Apex  lode  and  lying  southwesterly  from  the  Red 
Top  lode  are  the  Star,  Jumbo,  and  Caribou  lodes,  located  by  Joseph  Dalton,  who  has 
done  some  open-cut  work  upon  them. 
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BUBT  DDTRIGT. 

The  Raby  district  has  the  distmction  among  the  laiger  Yukon 
camps  of  haying  slightly  increased  its  gold  output  in  1920  over  that 
of  1919.  (See  subjoined  table.)  In  this  district  30  mines,  employing 
95  men,  were  operated  in  the  sunmier,  and  8  mines,  employing  34 
men,  in  the  previous  winter.  The  largest  output  of  gold  was  obtained 
from  6  mines  on  Long  Creek.  Greenstone,  Poonnan,  and  Birch 
creeks  were  next  in  output  of  gold.  Much  the  larger  part  of  the 
mining  was  done  on  deep  placers,  and  this  work  was  confined  chiefly 
to  deposits  rich  in  gold.  Returns  that  were  complete  enough  to 
allow  the  computation  of  the  reooyeries  of  gold  were  receiyed  from 
14  mines,  in  which  the  yalue  of  the  gold  recoyered  per  cubic  yard 
ranged  from  $2.14  to  $11.80  and  averaged  $4.85.  The  value  of  the 
average  recovery  of  gold  for  the  entire  district,  including  all  forms 
of  mining,  is  estimated  at  $3.90  per  cubic  yard. 

Placer  gold  and  nlvtr  produced  in  Uu  Ruby  district  j  1907-1920. 


Oold. 

811m. 

Year. 

Quantity 

(fine 
ounces). 

Value. 

Quantity 

(toe 
oonoes). 

Valne. 

1907-8 

48.38 

81,000 

7 

91 

1900 

1010 

19U 

1912 

8,46&63 
37,974.37 
48;37&00 
38»862.50 
41,1UL75 
42,811.88 
19, 36a  00 
7,981.88 
a223.75 

176^000 
785^000 
1,000^000 
700^000 
850^000 
885^000 
400^000 
165^000 
170^000 

1,157 
&188 
6,609 
4,626 
5^518 
6u073 
3,000 
1,255 
1,113 

712 

1913 

3,134 
3,655 

Z345 

1914 

1915 

1916 

^697 
^046 
3,000 
1,406 
1,213 

1917 

1918 .' 

1919 

1920 

248^212.14 

5,131,000 

34,646 

2i2I2 

In  the  simimer  of  1920  a  galena  deposit  was  discovered  13  miles 
south  of  Ruby,  on  the  north  side  of  Beaver  Creek,  near  the  mouth 
of  Dome  Creek  and  a  mile  and  a  half  east  of  the  wagon  road  from 
Ruby  to  Long.  The  rocks  in  the  vicinity  are  quartzites  and  quartz- 
itic  schists,  which  are  part  of  the  ''Paleozoic  or  older  undifferen- 
tiated metamorphic  rocks"  described  by  Mertie  and  Harrington." 
The  locality  was  visited  early  in  August  by  G.  C.  Martin,  who  reports 
that  several  deep  trenches  and  pits  and  short  tunnels  had  been  dug 
into  the  hillside.  Part  of  the  exposures  in  these  openings  may  be  in 
place,  but  it  is  doubtful  whether  any  rock  that  is  wholly  tmdisturbed 
had  been  revealed  in  them.    Most  of  the  galena  occurs  in  narrow 

"  Mertie,  J.  B.,  Jr.,  and  Harrington,  O.  L.,  Mineral  resoones  of  the  Bttby-Kuakokwtm  reoka:  T.  8. 
QeoL  Survey  BulL  6«9,  pp.  aao-au,  pL  U,  1010. 
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veins  and  stringeis  in  the  schist.  The  veins  seem  to  cut  the  bedding 
planes  at  a  low  angle.  A  vein  about  2  feet  wide  was  indicated  by  the 
material  exposed  in  one  cut,  but  there  was  some  doubt  as  to  its  actual 
width.  In  the  frozen  talus  on  the  lower  slope  of  the  hillside  blocks 
of  ore,  some  as  much  as  2  feet  square,  lie  scattered  for  at  least  half  a 
mile  up  and  down  the  creek.  These  blocks  may  have  been  derived 
from  one  lode,  but  there  are  indications  of  the  existence  of  several 
veins.  The  ore  seen  in  the  talus  and  in  the  prospect  openings  is 
much  oxidized  and  iron-stained  and  was  apparently  derived  from  a 
heavy  gossan. 

INNOKO   DISTRICT. 

During  the  summer  of  1920  there  was  an  unusually  large  supply 
of  water  for  sluicing  in  the  Innoko  district,  but  unfortimately  the 
camp  was  short  of  supplies,  for  the  rivers  had  frozen  up  early  in  the 
fall  of  1919  and  provisions  had  to  be  brought  in  from  the  Kuskokwim 
at  a  cost  of  10  cents  a  pound  for  transportation.  There  was  also 
some  shortage  of  labor. 

In  all  21  mines,  employing  50  men,  were  operated  during  the  simx^ 
mer  of  1920,  and  7  mines,  employing  36  men,  during  the  previous 
winter.  Of  the  total  gold  output  (see  subjoined  table)  about  $7,000 
was  won  from  the  placers  of  the  Tolstoi  region,  chiefly  from  those  of 
the  Madison  Creek  basin.  The  largest  placer*mining  operations  in 
the  district  were  those  on  Ophir  Creek;  next  in  order  of  production 
were  those  on  Spruce,  Victor,  and  Ganes  creeks.  The  largest  gold 
output  has  come  from  open^sut  summer  mining.  Returns  received 
from  six  of  the  large  open-cut  workings  in  this  district  showed  that 
the  value  of  the  gold  recovery  ranged  from  74  cents  to  $1.90  and 
averaged  $1.28  to  the  cubic  yard.  These  returns  are  well  above  the 
minimum  required  for  profitable  dredging.  The  information  at 
hand  indicates  that  the  district  includes  large  areas  of  dredging 
ground.  Separate  plans  are  now  under  way  to  install  four  dredges. 
The  two  dredges  for  Yankee  Creek  were  frozen  in  on  Kuskokwim 
River  in  the  fall  of  1920.  A  project  for  moving  the  Greenstone  dredge 
in  the  Iditarod  district  to  Ganes  Creek  in  1920  failed  on  account  of 
the  early  freeze-up.  These  three  dredges  may  be  installed  before  the 
end  of  1921. 
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miTABOD  inSTBlCT. 

Twelve  open-cut  mines  and  two  dredges  were  operated  in  the 
Iditarod  district  in  the  summer  of  1020  and  employed  a  total  of  176 
men.  The  dredges  were  operat«d  on  Otter  Creek,  and  moet  of  the 
other  mining  was  done  on  Flat  Creek,  but  some  was  done  on  Chicken, 
Happy,  and  Willow  creeks.  Both  the  dredges  were  operated  from 
eariy  in  May  until  about  the  middle  of  November  and  woiled  on 
grotmd  about  13  feet  deep.  Other  mines  were  operated  for  an  average 
of  about  120  days.  The  average  value  of  the  gold  recovery  for  all 
workings,  including  \ixe  dredges,  was  90  cents  a  cubic  yard.  Returns 
from  7  open-cut  mines  were  complete  enough  to  permit  computation 
of  the  gold  recovery,  which  ranged  from  56  cents  to  $2.40  a  cubic 
yard  and  averaged  $1.45.  These  returns  came  from  ground  ranging 
from  3  to  15  feet  deep,  lliese  7  open-cut  mines  were  worked  in  part 
by  the  hydraulic  method,  in  part  by  steam  scrapers,  and  in  part  by 
pick  and  shovel. 

Placer  gold  and  tilver  produced  in  the  Iditarod  diitrict,  1910-19X0. 
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It  is  reported  that  a  cinnabar-bearing  lode  on  Montana  Creek, 
tributary  to  upper  Iditarod  River,  is  being  developed.  (See  p.  24.) 
A  galena  prospect  in  the  Kaiyuk  Range,  about  20  miles  south  of  the 
Yukon  bcdow  Louden,  which  was  discovered  several  years  ago,  was 
being  developed  in  the  summer  of  1920.  This  locality  has  not  been 
visited  by  any  member  of  the  Geological  Survey,  but  uncertain 
evidence  indicates  that  areas  in  the  vicinity  contain  schist  and 
diabase.*^  It  was  reported  in  the  summer  of  1920  that  a  vein  con- 
taining 18  inches  of  solid  galena  had  been  discovered,  and  later 
that  175  tons  of  ore  was  mined  from  the  prospect  in  the  winter  of 
1920-21. 

MABSHALL  DISTBICT. 

The  Marshall  district,  which  lies  in  the  Wade  Hampton  recording 
precinct,  has  been  described  by  Harrington.^  About  8  mines, 
employing  30  men,  were  operated  in  the  district  during  the  sununer 
of  1920.  Most  of  the  gold  obtained  was  taken  from  the  Willow 
Creek  placers,  which  are  from  2  to  3  feet  deep  and  from  which  the 
gold  recovery  is  $4  to  $6  a  cubic  yard. 

Some  new  placer  gromid  is  said  to  have  been  developed  on  Stuyak 
Creek,  which  enters  Yukon  River  from  the  west  about  8  nules  above 
the  Russian  Mission,  and  some  on  Kato  Creek,  which  is  in  the  imme- 
diate vicinity. 

PltKor  ffold  and  nher  produted  in  the  Mmhall  dUtrietj  i9t4^19tO. 


1914 
1915 
1916 
1917 
1918 
1919 
19E» 


Gold. 


Quality 
oanoes). 


72&62 
1,209.37 
13,061.25 
20^6Sa37 
7,256.25 
4»837.50 
4,353.75 


52;  003. 11 


Value. 


tl5»000 
25,000 
270,000 
425^000 
150^000 
100,006 
90^000 


1,075,000 


BUtw. 


Quantity 

(fine 
ounces). 


94 
156 
1,686 
3,300 
940 
624 
562 


7,352 


Value. 


152 

79 

1,109 

2,719 

940 

699 

602 


6,200 


INDIAN   RIVER  AND  GOLD  HILL  DISTRICTS. 

Some  mining  has  been  done  in  the  Indian  River  and  Gold  Hill  dis-» 
tricts  of  the  middle  Yukon,  but  it  has  practically  ceased.  During 
1920  only  three  mines  were  operated  in  these  two  districts,  employ- 
ing eight  men  in  all,  and  the  value  of  their  total  output  of  gold  was 
only  $2,000. 

**  Maddraa,  A.  G.y  The  rnnoko  cold-placer  dlBtrfct«  Alaakm:  T7.  S.  Geol.  Surrey  Bull.  410,  pp.  43-44,  pi.  2, 
1910. 
»  Harrington,  G.  L.,  The  Anvlk-Andrealskl  region,  Alaska:  U.  S.  Qeol.  Survey  Bull.  683, 1918. 
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Placer  gold  and  tUver  produced  in  the  Indian  River  and  Odd  HiU  dittricU,  2911-29tO. 


Gold. 


Qimntity 

(ikne 
oonoes). 


Valne. 


Silver. 


Quantity 

(fine 
onflow). 


Value. 


1911 
1912 
1913 
1914 
1915 
1910 
1917 
1918 
1919 
1920 


483.75 

1,185.19 

1,548.00 

1,200.37 

72&63 

483.75 

241.88 

103.50 

338.62 

90.74 


tlO,000 

24,500 

32,000 

25,000 

15,000 

10,000 

5,000 

4,000 

7,000 

2,000 


6,506.43 


134,500 


09 

170 

221 

173 

104 

09 

37 

29 

53 

2 


916 


137 

lOS 

133 

96 

53 

45 

23 

29 

58 

2 


580 


CHANQALAB  DIBTRIOT. 

The  Chandalar  district,**  lying  north  of  the  Yukon,  is  one  of  the 
isolated  camps  in  which  a  little  placer  gold  has  been  mined  for  a 
number  of  years  (see  subjoined  table)  and  in  which  a  little  gold- 
lode  mining  has  been  attempted.  Up  to  1019  no  rich  placers  had 
been  found  in  the  district,  and  the  mining  amounted  to  little  more 
than  getting. out  a  "grub  stake"  by  a  few  men.  In  1919  some 
promising  deposits  were  discovered  on  Squaw  and  Big  creeks,  and 
these  were  systematically  developed  in  1920,  yielding  good  returns. 
The  principal  part  of  the  output  of  gold  has  come  from  these  two 
creeks.  These  deposits,  which  include  some  deep  ground,  seem  to 
be  valuable  enough  to  justify-  further  prospecting.  It  is  said  that 
nearly  50  men  are  prospecting  the  district.  The  gravels  mined  in 
1920  yielded  about  $5.50  to  the  cubic  yard. 

Placer  gold  and  aUver  produced  in  the  Chandahxr  district^  190&-19f0. 


Gold. 

saver. 

Year. 

Quantity 

(fine 
(xmoes). 

Value. 

Quantity 

(fine 
ouDoes). 

Value. 

1000-1912 

2,903.50 
266.00 
241.87 
241.87 
435.37 
725.63 
628.88 
453.75 
870.75 

$60,000 

5,500 

5  000 

5,000 

9,000 

15,000 

13,000 

10,000 

18,000 

410 
38 

85 
85 
68 

104 
90 
79 

125 

8341 

1913 

23 

1914 

19 

1916 

18 

1915 ,.. 

41 

1917 

86 

1918 , 

96 

1919 

88 

1920 

131 

5,895.93 

122,500 

990 

748 

H  iCaddren,  A.  O.,  Tbe  Koyuknk-Ctaandalar  region:  U .  S.  Geol.  Survey  Bull.  532, 1913. 
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KOYUKUK  DCSTRIGT. 

About  20  mines,  employing  55  men,  were  operated  in  the  Koyukuk 
district  in  the  summer  and  5  mines,  employing  15  men,  during  the 
winter  of  1920.  The  average  gold  recovery  for  all  mining  was  about 
$2.50  a  cubic  yard.  The  annual  gold  output  of  the  district  has  here- 
tofore been  chiefly  maintained  by  the  exploitation  of  very  rich  deep 
placers,  whose  gold  content  was  from  $4  to  $12  a  yard  and  averaged 
much  more  than  $5.  These  bonanza  deposits  have  been  of  no  great 
extent,  but  their  richness  has  made  their  exploitation  very  profitable. 
Most  of  them,  however,  are  very  irregularly  distributed,  and  their 
discovery  involves  much  expensive  dead  work.  The  present  relatively 
low  average  gold  recovery  is  due  to  the  fact  that  mining  now  includes 
a  much  greater  percentage  of  open-cut  work  than  it  did  in  the  past. 
The  mines  are  now  operating  on  placers  which,  though  of  greater 
bulk  than  the  deep  bonanzas,  have  a  much  smaller  gold  content  per 
cubic  yard.  A  number  of  small  hydraulic  plants  are  being  success- 
fully operated  in  the  district.  Most  of  the  gold  output  of  the  dis- 
trict in  1920  came  from  Myrtle,  Nolan,  Jay,  and  Smith  creeks. 

Placer  gold  and  silver  produced  m  the  Koyukuk  districi,  1900-1920, 


1900-1909 

1910 

1911 

1913 

1913 

1914 

1916 

1916 * 

1917 

1918 

1919 

1990 


Odd. 


ounoes). 


106,45102 

7, 74a  00 

6,772.60 

9,676.00 

19, 35a  00 

12,577.60 

13,303.12 

14;996.a6 

12,093.75 

7,206.25 

5,321.26 

4,353.75 


219,803.39 


Value. 


$2,200,600 
160,000 
140,000 
200,000 
400,000 
360,000 
275,000 
310,000 
250,000 
160,000 
110,000 
90,000 


4,646,600 


SUver. 


Qna&tity 

(fine 
ounoes). 


30,790 


Value. 


^f'?s 

18,903 

1,106 

OBS 

970 

514 

J'Hf 

863 

2,770 

1,673 

^•5S 

996 

1,902 

964 

3  147 

1,413 

^'ZK 

1,401 

860 

800 

760 

861 

146 

189 

19,378 


XU8K0KWIH  BBaiON. 

The  value  of  the  placer  gold  output  of  the  Kuskokwim  region  in 
1919  was  about  $350,000  and  in  1920  was  about  $305,000.  These 
figures  are  only  approximate,  for  many  of  the  mine  operators  failed 
to  report  their  output.  About  32  placer  mines,  employing  about  125 
men,  were  operated  in  the  summer  of  1920,  and  there  was  no  winter 
mining.  More  prospecting,  both  lode  and  placer,  was  done  in  the 
Kuskokwim  region  than  in  any  other  part  of  Alaska.  This  activity 
was  largely  stimulated  by  the  large-scale  prospecting  of  the  Tread- 
well  lode  property  in  the  Nixon  Fork  basin,  first  opened  up  in  1919. 
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G.  C.  Martin  has  prepared  the  following  statement  concerning  Tnining 
in  the  McKinley  district,  of  which  McGrath  is  the  post  office  and 
supply  point : 

80  far  aa  known,  only  two  laige  and  three  oxnall  placer  minee  were  operated  in 
the  McGrath  district  in  1920.  The  laige  operations  are  the  dredge  on  Candle  Creek 
and  a  hydraiilic  mine  on  Moore  Creek,  a  tributary  of  Tacotna  River.  One  of  the  small 
mines  is  on  Hidden  Creek  and  two  are  on  Ruby  Creek,  all  in  the  basin  of  Nixon  Fork. 
The  Kuskokwim  Dredging  Co.  operated  its  dredge  on  Candle  Creek  from  May  24  to 
October  13,  except  during  an  interruption  in  September  on  accoimt  of  a  broken  shaft. 
It  employed  an  average  of  22  men  and  handled  74,597  cubic  yards  of  gravel.  The 
Moore  Creek  hydraiilic  plant  is  mining  gravel  about  14  feet  in  depth.  The  mine  on 
Hidden  Creek  is  exploiting  a  deposit  75  to  125  feet  wide  and  about  4  feet  deep.  One 
of  the  mines  on  Ruby  Creek  is  deep,  and  the  other  is  a  small  open  cut. 

Much  prospecting  for  gold  lode  veins  was  done  in  the  Nixon  Fork  region  during  the 
summer  of  1920.  During  the  previous  winter  several  hundred  tons  of  ore  was  taken 
from  the  Crystal  shaft,  which  wasthipped  during  the  summer.  Early  in  the  spring  the 
property  from  which  this  shipment  was  made  and  the  other  neighboring  claims  puaed 
into  the  control  of  the  Alaska  Tread  well  Gold  Mining  Co.  Actual  mining  thereupon 
ceased,  but  active  prospecting  to  determine  the  quantity  of  ore  available  was  con- 
tinued throughout  the  year.  Several  shafts,  50  to  100  feet  deep,  and  numerous 
trenches  and  open  cuts  were  dug,  buildings  were  erected,  and  a  large  quantity  of 
nnning  supplies  was  shipped  up  Kuskokwim  River.  B.  D.  Stewart,  Territorial  mine 
inspector,*^  reports  that  in  September,  1920,  three  shafts,  aggregating  200  feet  in 
depth,  drifts  totaling  215  feet,  and  crosscuts  totaling  110  feet  were  run  tfnd  that  25 
men  were  employed.  Wages  were  $6  a  day  and  board.  Underground  exploration  was 
continued  actively  during  the  winter  of  1920-21,  with  the  hope  of  determining  whether 
the  quantity  of  ore  available  is  sufficient  to  justify  the  installation  of  facilities  for 
shipping  or  treating  the  ore. 

It  is  believed  that  about  7  mines^  employing  about  12  men,  were 
operated  in  the  Georgetown  district  of  the  middle  Kuskokwim  during 
the  summer  of  1920.  Reports  of  production  have  been  received  from 
Donlon  and  New  York  creeks,  in  this  district,  and  of  drilling  in  pros- 
pective dredging  ground  on  Holitna  River. 

About  16  mines,  employing  60  men,  were  operated  in  the  Aniak 
district  during  the  summer  of  1920.  The  largest  gold  output  was 
made  on  Canyon  Creek,  but  gold  was  mined  also  on  Bear,  Crooked, 
Mary,  George,  and  Marvel  creeks  and  on  George  River.  It  is  re- 
ported that  hydraulic  plants  are  being  installed  on  Spruce  Creek  and 
Tiny  Gulch,  both  tributary  to  Bear  Creek.  Some  developments  have 
been  continued  on  a  copper  and  gold  bearing  lode  in  the  Russian 
Mountains  12  miles  north  of  Eolmakof,  on  the  Kuskokwim."  It 
is  reported  that  a  50-foot  shaft  has  been  sunk  on  the  lode. 

The  Parks  quicksilver  mine,  on  the  lower  Kuskokwim,  was  operated 
in  a  small  way  during  1920.  E.  W.  Parks  reports  the  discovery 
of  a  stibnite-realgar  lode  in  the  vicinity  of  Barometer  Mountain. 

This  mountain  lies  almost  due  south  of  the  Parks  mine  and  5  miles 

—  -  •   —  -.-  ■■■-    ■-,      ■      .-■-■-■-■■-..  .       ._-     -  — 

»  Op.  dt.,  p.  18. 

MMaddrea,A.G.,Ooldplao«nof  tha  lower  Kuakokwlm:  U.B.Oeol.SorveyBuli.022,pp.a(M-a06,lfilfi. 
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from  the  Knskokwim.  Specimens  said  to  have  come  from  this  de- 
posit contain  stibnite  and  realgar.  The  specimens  received  indicate 
that  the  country  rocks  in  which  the  deposits  occur  are  Mesozoic  sand- 
stones and  shales,  probably  of  Upper  Cretaceous  age,  and  that  the 
geologic  relations  are  probably  similar  to  those  of  the  Parks  cinnabar 
deposit,  which  have  been  described  by  Smith,'*  but  no  cinnabar  was 
found  in  the  ore.  Smith's  geologic  map  ^  shows  that  the  upper  part 
of  Barometer  Mountain  is  made  up  of  granite,  which  is  intruded  into 
Mesozoic  sediments.  This  deposit  is  said  to  have  been  opened  up  by 
a  100-foot  adit. 

Mining  in  the  Groodnews  Bay  district  during  1920  was  confined  to 
Watermuse,  Bear,  and  Cow  Cow  creeks.  One  placer  mine  was  oper- 
ated on  each  of  these  creeks,  and  a  total  of  12  men  were  employed. 

8BWABD  FBNINStTIiA.  «> 
GENERAL  CONDTTIONS. 

The  value  of  the  total  mineral  output  of  Seward  Peninsula  in  1920 
was  $1,331,017,  of  which  $1,300,000  is  the  value  of  the  placer  gold 
and  the  rest  that  of  silver,  platinum,  tin,  and  coal.  In  1919  the  total 
value  of  the  mineral  output  was  $1 ,423,449,  and  that  of  placer  gold  was 
$1,360,000.  A  Uttle  platinum  was  recovered  from  the  gold  placers 
of  the  Koyuk  and  Fairhaven  districts.  (See  p.  23.)  Tin  ore 
was  mined  in  the  York  district  on  a  reduced  scale  as  compared  with 
previous  years,  only  one  dredge  and  one  small  open-cut  mine  being 
operated  on  tin  placers.  (See  p.  22.)  A  small  output  of  coal  was 
made  from  a  lignite  mine  in  the  Fairhaven  district.  In  the  a^re- 
gate,  there  was  considerable  prospecting  of  lode  deposits  during  the 
year.  An  experimental  shipment  of  garnet  sand  to  be  used  as 
abrasive  was  made  from  Nome  in  the  smnmer  of  1920.     (See  p.  33.) 

The  present  insufficient  steamship  service  to  Nome  is  a  great 
handicap  to  all  forms  of  mining.  This  and  the  increased  cost  of 
transportation  and  suppUes  have  prevented  the  development  of  new 
mining  enterprises. .  No  new  mineral  deposits  were  discovered  in 
Seward  Peninsula  during  the  year. 

PLACER   MINING. 

About  112  mines,  employing  540  men,  were  operated  on  Seward 
Peninsula  in  the  summer  of  1920,  and  8  mines,  employing  60  men, 
during  the  previous  winter.  In  1919  there  were  about  103  summer 
mines,  employing  555  men,  and  10  winter  mines,  employing  about 
60  men.    This  increase  in  the  number  of  mines  does  not  indicate  a 

*  Smith,  P.  8.,  The  Lake  Clark-oentral  Kuskokwim  region,  Alaska:  U.  S.  Geol.  Survey  BuU.  (V55,  pp. 

«*0p.cU.,pl.5. 

*^  A  part  of  the  information  here  presented  is  taken  from  a  longer  report  by  8.  H.  Cathcart,  which,  became 
Of  a  shortage  of  printing  fonds  **  has  seemed  best  not  to  publish  In  oomptote  form. 
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growth  of  the  mming  industry,  because  nearly  all  were  very  small 
operations,  and  many  were  worked  solely  because  the  imusual  abund- 
ance of  water  for  sluicing  gave  opportunity  for  exploiting  placers 
which  imder  more  normal  conditions  could  not  be  worked.  The 
small  scale  of  the  operations  is  indicated  by  the  fact  that  returns  from 
19  of  the  mines  showed  a  total  value  of  gold  output  of  only  $10,870, 
and  a  total  personnel  of  only  30  men.  Moreover,  many  of  these 
mines  were  worked  for  only  a  part  of  the  mining  season.  It  is  esti- 
mated that  1,790,000  cubic  yards  of  gold-bearing  gravel  were  mined 
and  sluiced  on  Seward  Peninsula  in  1920.  The  value  of  the  average 
gold  content  of  this  gravel  was  about  73  cents  to  the  cubic  yard.  In 
1919  about  2,165,000  cubic  yards  of  gravel  was  mined  and  the 
average  gold  content  was  63  cents  to  the  cubic  yard.  The  decrease 
in  1920  is  due  to  a  decrease  in  the  number  of  dredges  operated. 

The  sources  of  the  pUcer-gold  output  of  Seward  Peninsula,  both 
by  districts  and  by  methods  of  mining,  is  shown  in  the  following 
tables.  The  figures  presented  are  in  part  based  on  estimates,  but 
their  possible  error  is  believed  to  be  not  over  8  per  cent. 

PUuer  gold  prodtued  in  Seward  Pentnauia  in  19f0y  by  diuncti. 


District. 

Value  of 

gold 
output. 

Summer. 

Winter. 

HInes. 

Miners. 

Mines. 

Miners. 

Nome 

1540,000 

50,000 

160,000 

aaoooD 

55,000 
135,000 

30 
8 

14 
17 
14 
23 
6 

216 
32 
55 
70 
52 
90 
25 

5 

20 

Solomoii  and  CasftdepMca 

Koyuk 

3 

33 

OouticO ■.--.. -T . , 

KntigRrnk 

FftirnA^m r  n 

2 

8 

Port  Clftrence,  etc 

« 

1,300,000 

112 

540 

10 

01 

Placer  gold  produced  in  Seward  Peniruula  in  19t0y  by  methods  of  mining. 


Method. 


Dredginc 

Hydrauuc  (includes  all  operations  where  any  water  is  used  to  move  gravel 

to  sluice  boxes) 

TTnderground 

open-cut  (other  than  hydraulic) 


Number 

of 
mines. 


17 

28 
14 
53 


Number 

of 
miners. 


112 


145 

200 

05 

130 


540 


Value 

of 

gold. 


8475,000 

500,000 
155,000 
170,000 


1,300,000 


In  the  Inmachuk  region,  as  in  other  parts  of  the  peninsula,  gravels 
occur  underneath  basaltic  volcanic  flows.^  During  the  last  two 
years  some  of  these  buried  gravels  have  been  prospected  with  reported 
favorable  results.  In  1920  a  considerable  body  of  gravel  on  Candle 
Creek,  in  the  Fairhaven  district,  was  thawed  by  the  cold-water  method, 
with  a  view  of  dredging  it  in  1921.    Some  systematic  investigations  of 


«Moffit,  F.  H.,  The  Fairhaven  gold-placer  district,  Alaska:  U.  B.  Oed.  Survey  Bull.  247,  pp.  31-^,  1805. 
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placer  gravel  were  made  in  different  districts  of  the  peninsula  during 
the  summer  of  1920,  but  on  the  whole  not  many  projects  looking  to 
future  large-scale  operations  were  under  way. 

Dredging. — ^In  1920  17  gold  dredges  operating  on  the  peninsula 
produced  $475,000  worth  of  gold;  in  1919  24  dredges  produced 
$450,000  worth.  In  1920  the  dredges  mined  about  930,000  cubic 
yards  of  gravel  containing  about  51  cents  worth  of  gold  to  the  cubic 
yard;  in  1919  the  dredges  mined  only  865,000  cubic  yards  of  gravel 
containing  gold  worth  52  cents  to  the  yard.  This  greater  efficiency 
of  the  dredges  in  1920  lies  in  the  fact  that  many  of  the  small  and 
comparatively  inefficient  dredges  that  contributed  to  the  total  yardage 
mined  in*  1919  were  not  operated  in  1920  because  of  greater  costs. 
Though  the  season  of  1920  was  not  particularly  favorable  for  dredging 
because  the  seasonal  frost  stayed  in  the  groimd  rather  far  into  the 
summer,  the  average  length  of  operation  was  nearly  70  days  in  1920, 
as  compared  with  50  days  in  1919.  The  low  average  of  1919  was  due 
entirely  to  the  inefficiency  of  the  small  dredges,  some  of  which  were 
operated  for  less  than  30  days.  The  longest  operating  season  reported 
for  any  one  dredge  in  1920  was  96  days,  and  the  longest  in  1919  was 
110  days. 

QoM  dredges  operated  on  Seward  Pe7im9ula  in  19tO, 

Nome  district: 

Dexter  Dredging  Co.,  Dexter  Creek. 

Center  Creek  Dredging  Co.,  Center  Creek. 

Dry  Creek  Dredging  Co.,  Dry  Creek. 

Arctic  Creek  Dredging  Co.,  Arctic  Creek. 

Alaska  Mines  Corporation,  Flat  Creek. 

Julian  Dredge,  Osbum  Creek. 
Solomon  district: 

Eequimo  Dredging  Co.,  Solomon  River. 

Shovel  Creek  Gold  Dredging  Co.,  Shovel  Creek. 

Bumeas-Iveraon-Johnson  Dredge,  Big  Hurrah  Creek.  • 
Council  district: 

Northern  Light  Mining  Co.,  Ophir  Creek. 

Wild  Goose  Mining  &  Trading  Co.,  Ophir  Creek. 

Crooked  Creek  Dredging  Co.,  Crooked  Creek. 
•  Flimie  Dredge  Co.,  Melsing  Creek. 

Flimie  Dredge  Co.,  Basin  Creek. 
Kougarok  district: 

Bering  Dredging  Co.,  Taylor  Creek. 

Kelliher  Dredging  Co.,  Kougarok  River. 
Port  Clarence  district: 

Budd  Creek  Dredging  Co.,  Budd  Creek. 

Deep  mining. — Of  the  14  mines  workixig  deep  placers  covered  by  a 
heavy  overburden  and  carrying  little  or  no  gold  that  were  operated  id 
1920  there  were  five  each  in  the  Nome  and  Koyuk  districts,  three  in  the 
Fairhaven,  and  one  in  the  Kougarok.  The  deep  mines  of  the  Eoyuk 
district  produced  about  $86,000  and  those  of  the  Nome  district  about 
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$40,000  worth  of  g(Jd.  Of  the  total  namber  of  deep  mines,  sevea 
were  operated  for  a  part  of  both  the  winter  and  the  summer,  one 
during  the  winter  only  and  six  during  the  summer  only.  The  retunu 
from  12  of  these  mines  are  sufficiently  complete  to  permit  the  foUowing 
analysis.  These  mines  were  operated  from  30  to  307  days  and  an 
average  of  146  days.  They  averaged  nearly  six  employees  per  mine 
and  hoisted  and  sluiced  about  39,950  cubic  yards  of  gravel,  the  value 
of  whose  gold  content  ranged  from  $2.86  to  $12.62  a  cubic  yard. 
The  richer  of  the  deposits  were  those  exploited  by  small  miners,  who 
were  evidently  working  on  rich  pockets  of  placers.  The  average 
gold  tenor  for  all  the  mines  was  $3.87  a  cubic  yard.  An  average  of 
3.8  cubic  yards  of  gravel  was  mined  per  man  per  day,  this  average 
including  all  men  employed  both  on  the  surface  and  undeiground. 

Hydravlic  and  other  open-cut  mines. — Many  of  the  operations 
classed  as  hydrauUc  ware  those  in  which  only  a  part  of  the  work  of 
moving  the  granite  to  the  sluice  box  is  done  by  water  under  head. 
Water  is  not  abimdant  enough  nor  are  the  grades  steep  enough  in 
most  of  Seward  Peninsula  to  permit  ordinary  hydraulio  mining. 
Six  hydraulic  elevators  were  operated  in  1920.  The  abundant  rain- 
fall during  1020,  except  in  the  Fairhaven  district,  favored  hydraulic 
mining.  The  value  of  the  gold  recovery  from  the  open-cut  mines 
ranged  from  45  cents  to  S2.40  to  the  cubic  yard.  Seventeen  large 
open-cut  mines,  most  of  which  did  much  hydraulic  work,  showed  an 
average  gold  recovery  of  70  cents  to  the  cubic  yard. 


Gold  ond  titvtr  produad  on  Semtrd  PenmnUa,  ISa7-l9tO. 

OoW, 

8tlm. 

Ym 

sr 

v„« 

s 

v^ 

73S.a 

4 

1 
li 

IS 

as 
1 

Ss 

m.oj 

!SS 

300.00 

ffiS 

wo.oo 

is 

125.00 
W7.tO 

ffi.S 
S3 

sm.10 

lis 

H,011 

SS2 

3a 

iti 

u< 

13( 

il 

SI 

ss 

II 

to,  no 

i 

B,MJ,TO.3J 

«».MO,IOO 

m.m 

m.m 

THE  ALASKAN   MINIKO  INDUBTBY  IN  1920.  65 

LODE   MININO   AND  FROSPEGTINO. 

Little  work  was  done  on  the  lodes  of  Seward  Peninsula  in  1920. 
Explorations  that  were  in  progress  at  several  localities  have  been 
discontinued  for  the  present.  The  necessity  of  resiuning  annual 
assessment  work  occasioned  some  prospecting,  but  it  was  very 
desultory.  About  50  men  were  engaged  in  lode  prospecting  for  a 
part  of  the  year. 

The  only  production  from'  lode  mining  in  1920  was  that  made  by 
the  gold-quartz  property  of  Megan,  Somerville  &  Megan,  at  Bluff. 
A  dump  mined  during  the  winter  was  milled  in  the  spring.  Mr.  Tom 
Ward  worked  three  men  for  part  of  the  summer  on  his  copper  prop- 
erty near  Kougarok  Mountain.  He  planned  to  sink  on  and  crosscut 
the  ledge  in  the  winter  of  1920-21 .  During  the  winter  of  1920  a  force 
of  about  20  men  was  employed  in  exploring  the  tin  lode  on  Cas- 
siterite  Creek.  A  250-foot  inclined  shaft  was  sunk  on  the  dike  from 
a  station  on  the  lower  timnel.     Work  was  discontinued  in  May. 

Twenty  men  were  employed  during  the  winter  and  eight  during 
the  sxmmier  in  prospecting  the  lead-silver  property  on  Kugnik  River. 
The  developments  on  the  property  now  consist  of  a  140-foot  shaft 
and  of  250  feet  of  drift  on  the  40-foot  and  150  feet  of  drift  on  the 
140-foot  levels.  The  showing  is  considered  favorable  by  the  owners. 
Work  was  discontinued  in  September. 

COMMEBCIAX  CONDITIONS. 

There  was  some  shortage  of  labor  on  Seward  Peninsula  during  the 
summer  of  1920,  but  it  was  not  serious.  Most  of  the  dredging  com- 
panies brought  their  crews  with  them,  so  that  the  dredges  could  not 
be  operated  until  after  no^vigation  opened,  about  the  end  of  June. 
The  smnmer  wage  for  conunon  labor  was  $6  and  board  for  an  8-hour 
day,  but  many  of  the  larger  companies  insisted  on  a  longer  day.  The 
winter  wage  in  the  Koyuk  district  was  $5  and  board  for  an  8-hour 
day.  The  average  dredge  wage  for  engineers  and  winchmen  was  $9 
and  board,  the  men  working  in  12-hour  shifts.  Many  of  the  men 
were  brought  in  and  taken  out  diuing  the  summer,  and  probably 
most  of  them  were  paid  for  the  entire  season,  including  time  spent 
in  travel. 

Board  at  Nome  cost  $2.50  to  $3.50  a  day,  and  it  probably  cost  the 
mining  companies  at  least  $2  a  day  to  feed  their  men.  The  cost  of 
provisions  at  Nome  in  the  smnmer  of  1919  is  indicated  by  the  fol- 
lowing retail  prices  per  pound:  Bacon,  75  cents;  butter,  85  cents; 
sugar,  30  cents;  flour,  10  cents;  beans,  20  cents;  potatoes,  15  cents; 
rice,  20  cents ;  eggs,  85  cents  a  dozen. 

The  price  of  coal  per  ton  at  Nome  in  1920  was  $39  in  smnmer  and 

$45  in  winter.    Fuel  oil  sold  at  $6  a  barrel,  gasoline  at  60  cents  a 

esMS^"— 22- 
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gallon,  and  distillate  at  49  cants  a  gallon.  At  Dime  Creek,  in  the 
Koyuk  district,  where  there  is  timber,  the  price  of  wood  was  $16  a 
cord. 

In  1920  the  first  of  the  summer  fleet  arrived  at  Nome  on  Jmie  13, 
but  shore  ice  prevented  landing  of  freight  until  June  23.  Storms 
began  July  4,  and  tied  up  all  coastwise  shipping  for  three  weeks  and 
seriously  interfered  with  the  unloading  of  the  vessels.  The  last  of  the 
freighters  did  not  leave  Nome  until  August  4,  so  that  their  return 
trips  were  delayed  until  September,  a  delay  that  seriously  hampered 
mining.  Three  dredges  did  not  receive  their  suppUes  and  provisions 
until  September  and  lost  practically  the  whole  season. 

The  freight  rates  vary,  of  course,  with  the  classification,  but  the 
ordinary  freight  rate  from  Seattle  to  Nome  and  Anchorage  was  about 
$19  a  ton  1.  c.  1.^'  To  this  rate  must  be  added  the  lighterage  charge 
paid  on  all  freight  for  transportation  from  shipside  to  beach.  In  1920 
the  lighterage  at  Nome  for  ordinary  freight  was  $10  a  ton.^  It  is  to 
be  hoped  that  the  completion  of  the  jetty  at  the  mouth  of  Snake 
River,  which  is  now  being  built  by  the  Government  and  which  will 
give  a  safe  harbor  for  barges  and  small  craft,  will  lead  to  a  reductioz) 
of  the  lighterage  charges. 

Even  after  the  freight  is  landed  on  the  beach  at  Nome  or  other 
settlement  the  miner  may  still  have  to  meet  the  heavier  cost  of  over- 
land transportation.  For  the  mines  that  are  reached  by  the  good 
local  roads  leading  out  from  Nome  the  cost  of  transportation  is  only 
about  $3  a  ton.  On  the  other  hand,  the  price  charged  for  hauling 
freight  from  Nome  to  Boulder  Creek  (10  miles)  was  $50,  to  Grold- 
bottom  Creek  (16  miles)  $66,  and  to  Manila  Creek  (20  miles)  $94  a 
ton.  In  the  Koyuk  district  freight  rates  from  steamer  landing  on 
Norton  Sound  to  Dime  Creek,  a  distance  of  20  miles,  are  $50  a  ton  in 
smnmer  and  $30  a  ton  in  winter.  The  above  rates  show  that  the 
placer  miner,  unless  he  is  on  the  good  system  tributary  to  Nome, 
must  pay  from  $2.50  to  $5  a  ton  per  mile  for  the  land  transportation 
of  his  freight,  which  has  already  cost  him  $30  to  $50  landed  on  the 
beach.  This  is  one  of  the  best  arguments  for  more  road  construction 
in  the  Alaska  placer  camps. 

All  this  goes  to  show  that  cost  of  transportation  is  the  heaviest 
drain  on  mining.  The  total  cost  of  delivering  freight  to  the  camps 
on  Seward   Peninsula^    is  estimated   as    follows:   Ocean  freight, 

4s  Examples  of  frsi^t  rates  are  ooal  (o.l.)i  113.65;  exploslTOs,  t85.£0;  antomoblles,  S64.50  to  Sl<W  per  ton. 
Tbs  freight  rate  to  OoloTin  in  1820  was  t21;  Teller,  923.^0:  Lost  River,  t2&26;  York  and  Kotoboe  settle- 
ment, t29. 

M  Examples  of  ll^terage  on  different  desses  of  IM^t  at  Nome  are  as  follows:  Coal,  18;  macAilneryjSlO; 
explosives,  S14  a  ton.  Lighterage  at  Bonansa,  S15;  at  Teller,  VM;  and  at  Kotnbue,  I&  The  foUowiog 
coastwise  freight  rates  were  in  eflect  in  1020:  Nome  to  Dime  Landing,  S20;  Nome  to  Solomon,  912;  Teller 
to  York,  910;  Teller  to  Kotieboe,  940. 

«  Aooording  to  report  of  B.  W.  J.  Reed,  customs  ooUector  of  the  port  of  Nome,  dated  October  21, 1920, 
the  following  freight  was  landed  in  1930:  Qeneral  merchandise,  7,500  tons;  coal  (domestic),  2,511  tons; 
(taeign),  315  tons;  lomber,  734,574  feet  b.  m.;  live  stock,  16  head. 
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Seattle  to  Nome,  $200,000;  lighterage  at  Nome,  $106,000;  local  dis- 
tribution, $170,000.  These  figures  include  freight  landed  by  coast- 
wise, river,  and  land  transportation  and  are  based  on  the  costs 
considered  on  preceding  pages  and  on  estimates  of  percentages  of 
total  freight  deUvered  to  each  district.  The  figures  are  only  ap- 
proximate, but  they  are  underestimates  rather  than  overestimates. 
They  amoimt  to  $476,000,  equal  to  about  29  per  cent  of  the  value  of 
the  total  gold  output  of  the  peninsula  in  1920.  This  cost  of  trans- 
portation has  to  be  met  by  the  mining  industry,  for  except  for  the 
production  of  a  little  salt  fish  and  reindeer  meat,  Seward  Peninsula 
has  no  other  industries. 

KOBTJK  BEOION. 

As  a  result  of  the  high  cost  of  transportation  and  suppUes  mining 
has  almost  ceased  in  the  Kobuk  region.  Three  small  mines,  however, 
were  operated  on  Dahl  Creek,  and  four  on  Eleary  Creek,  and  in  all  10 
men  were  employed  for  a  short  time  in  winter  and  summer.  The 
value  of  the  total  gold  output  of  these  mines  was  about  $8,000. 
Plans  have  been  made  to  install  a  hydraulic  plant  on  Dahl  Creek. 

The  coastal  port  for  this  district  is  Kotzebue,  to  which  the  freight 
rates  from  Seattle,  including  lighterage,  are  about  $40.  From 
Kotzebue  the  freight  is  taken  by  boat  up  the  Kobuk  to  Shungnak,  the 
local  supply  point  of  the  Dahl  Creek  region.  The  cost  of  this  river 
transportation  is  $40  a  ton.  Therefore,  the  miner  in  the  Dahl  Creek 
region  pays  freight  amounting  to  at  Jeast  $80  a  ton  on  all  his  supplies. 


ADMINISTRATIVE  REPORT. 


By  Alfred  H.  Brooks. 


During  1920  eight  parties  were  engaged  in  surveys  and  investiga- 
tions in  Alaska.  These  parties  included  7  geologists,  2  topographers, 
1  hydraulic  engineer,  and  14  packers,  cooks,  and  other  auxiliaries. 
Five  parties  were  engaged  in  geologic  work,  one  in  topographic  survey, 
one  in  investigations  of  water  powers  in  southeastern  Alaska  in  coop- 
eration with  the  Forest  Service,  and  one  was  a  combined  geologic 
and  topographic  party. 

The  funds  available  for  field  and  office  work  for  the  season  of  1920 
included  an  appropriation  of  $75,000  and  an  unexpended  balance  of 
$10,400  from  the  appropriation  for  the  previous  year.  The  sub- 
joined tables  show  the  ^otments  of  these  funds  geographically  by 
types  of  work  and  by  salaries  and  field  expenses.  A  balance  of 
$13,800  will  be  used  for  the  field  work  of  1921.  In  these  tables  the 
money  devoted  purely  to  office  work  has  not  been  allocated  to  the 
several  projects,  as  in  previous  administrative  reports.  These  over^ 
head  charges,  including  administration,  amount  to  about  23  per  cent 
of  the  total  and  may  be  properly  allocated  to  the  projects  at  this 
ratio. 

ApproximaU  general  distribtUion  of  appropriations  for  investigations  in  Alaska^  field 

season  of  19t0, 


Generxd  geologicinyestigatioQ 

Soathesstem  Alaska 

Prince  WilUam  Souod 

Cook  Inlet 

Soathwestem  Alaska 

'Susitna  region 

Yukon  basin 

Kuskokwin  basin 

Seward  Peninsula 

AdminlstratiTe 

Collection  of  mineral  statistics 

Miaoellaneous  expenses,  including  clerical  work,  office  supplies,  etc. 
Balance  to  be  allotted  to  field  work,  1921 


1019-20 


$3,500 


3,750 

1,000 

900 

1,150 


100 


10,400 


1020-21 


t2,700 
9,240 
1,400 
8,010 
1,000 
5,610 
4,420 
6,380 
3,200 
4,360 
1,900 
13,100 
13,800 

75,000 


69 


70 
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ApproxinuUe  allotments  to  different  kindi  of  ntrveyg  and  investiffotions,  fieid  seamm  oj 

19t0. 


Reoonnaissanoe  geologic  surveys * 

Special  geologiclnvestigntioiis 

Topographic  reconnaissance  survtyi 

Investiffation  of  water  resources 

Administrative 

Collection  o  f  mineral  statistics 

MisceUaneous  expenses,  includingclerical  work,  office  supplies,  map  compila- 
tion, etc J 

To  be  aUotted  to  field  work,  1921 


1919-20 


13,400 
1,150 
5,750 


100 


10,400 


1920-21 


113,820 
13,825 
9,870 
4.345 
4,^250 
1,900 

13,190 
13,800 


75,000 


Allotments  for  salaries  and  field  expenses^  field  season,  1920. 


Solentiflc  salaries 

Field  expenses 

Clerical  salaries  and  miscellaneous  expenses . 
To  be  allotted  to  field  work 


191»-20 


110,300 
100 


10,400 


1920-21 


829,395 
16,115 

i5,eeo 

13,800 


75,000 


The  following  table  shows  the  progress  of  investigations  in  Alaska 
and  the  annual  grants  of  funds  since  systematic  surveys  were  begun, 
in  1898.^  It  should  be  noted  that  a  varying  amount  is  spent  each 
year  on  special  investigations  that  yield  results  which  can  not  be 
expressed  in  terms  of  area.  In  1917,  when  the  war  broke  out,  nearly 
all  the  Alaska  fimds  were  allotted  to  the  investigation  of  minerals 
such  as  platinum,  sulphur,  antimony,  etc.,  which  were  then  of  special 
importance,  and  few  areal  surveys  were  made.  Since  then  the  reduc- 
tion of  the  annual  appropriation  and  the  increased  cost  of  all  field 
work  has  not  permitted  extensive  geologic  and  topographic  surveys. 
Little  progress  has  therefore  been  made  in  extending  the  topographic 
and  geologic  surveys  which  are  essential  to  obtain  an  adequate  knowl- 
edge of  the  mineral  resources  of  the  Territory. 


1  The  Geological  Survey  made  some  investigations  of  the  gold  and  coal  deposits  of  the  Padflc  seaboard 
region  in  1895  and  of  the  Yukon  region  in  1896. 
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The  writer  was  engaged  in  office  work  until  July  4,  when  he  accom- 
panied Hon.  John  Barton  Payne,  Secretary  of  the  Interior,  and  Hon. 
Josephus  Daniels,  Secretary  of  the  Navy,  to  Alaska.  In  the  course 
of  this  journey  a  part  of  the  Matanuska  coal  field  and  the  Govern- 
ment railroad  were  examined.  Through  the  courtesy  of  Admiral 
Hugh  Kodman  the  writer  was  later  enabled  to  visit  Cold  Bay,  on  the 
Alaska  Peninsula.  This  part  of  the  journey  was  made  on  the  United 
States  destroyer  McCuUough,  commanded  by  Capt.  H.  W.  Sears. 
Through  the  courtesy  of  Captain  Sears  the  writer  was  transported 
to  Juneau  and  later  went  to  Cordova  by  passenger  steamer.  A  visit 
'  was  then  made  to  the  Bering  Eiver  coal  field  and  the  Eatalla  oE 
field.  The  time  from  August  24  to  September  13  was  spent  in  examin- 
ing the  copper  and  gold  lodes  of  Prince  William  Sound  and  in  study- 
ing the  local  geology.  A  part  of  this  work  was  done  in  company 
with  O.  C.  Ralston,  metallurgist  of  the  United  States  Bureau  of  Mines. 
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Later,  again  in  company  with  Mr.  Ralston,  the  writer  devoted  10 
days  to  an  examination  of  some  of  the  copper  deposits  of  the  Ketchikan 
district.  Returning,  the  writer  reached  Washington  October  4. 
Of  the  nine  months  devoted  to.  office  work  during  the  year  1920,  51 
days  were  devoted  to  progress  report,  8  days  to  preparation  of  annual 
press  bulletin,  11  days  to  field  plans,  7  days  to  reading  manuscript, 
22  days  to  military  geology,  9  days  to  geologic  studies,  and  43  days 
to  preparation  of  a  report  on  conditions  in  Alaska,  for  the  Secretary 
of  the  Interior.' 

R.  H.  Sargent  was  on  furlough  for  about  three-fourths  of  the  year. 
While  on  duty  he  was  occupied  chiefly  in  the  administration  of  the 
Alaska  topographic  surveys  and  map  compilation. 

S.  R.  Capps  was  on  furlough  until  February  21,  1921.  While  on 
duty  he  was  engaged  chiefly  in  continuing  his  report  on  the  geolc^ 
and  mineral  resources  of  the  region  tributary  to  the  railroad. 

G.  II.  Harrington  was  on  furlough  all  but  about  one  week  in  the 
year  and  while  on  duty  devoted  his  time  chiefly  to  the  report  on  the 
Ruby-Iditarod  district. 

J.  B.  Mertie,  jr.,  was  on  furlough  until  March  31, 1921,  and  gave  the 
rest  of  the  fiscal  year  to  continuation  of  the  report  on  the  Ruby- 
Iditarod  district. 

C.  P.  McEIinley  devoted  about  two  months  to  the  compilation  of  a 
topographic  map  of  the  Katmai  region  from  photographs  furnished 
by  the  National  Geographic  Society. 

Miss  Lucy  M.  Graves,  chief  clerk,  has  continued  to  carry  much  of 
the  burden  of  the  administration  of  the  Alaska  division  and  has  acted 
as  chief  during  the  absence  of  the  geologist  in  charge  and  of  the 
senior  geologist,  G.  C.  Martin.  The  details  of  collecting  the  statistics 
of  the  mineral  production  of  Alaska  have  been  in  the  hands  of  T.  R. 
Burch. 

G.  H.  Canfield  continued  water-power  investigations  in  south- 
eastern Alaska  up  to  April  1 ,  when  the  work  was  suspended  on  accoimt 
of  lack  of  funds.  A  record  of  five  years  of  stream  flow  has  now  been 
obtained  for  about  19  of  the  best  of  the  water-power  sites  in  south- 
eastern Alaska.  In  view  of  the  demands  for  other  investigations  in 
Alaska  the  continuation  of  the  stream  gaging  does  not  appear  to  be 
justified  under  the  present  reduced  appropriation.  This  work  could 
not  have  been  done  without  the  cordial  cooperation  of  the  Forest 
Service,  which  has  rendered  much  valuable  assistance  in  providing 
local  transportation,  office  space,  and  gage  readers.  The  great 
importance  of  this  water-power  investigation,  both  to  the  pulp-wood 
and  mining  industry,  is  generally  recognized,  and  it  is  hoped  that  fimds 
will  be  available  for  its  continuation  at  an  early  date. 

*  a«p<Mrt  of  Alaaka  Adviaory  Committoe,  AlAwd  H.  Brooks,  chairman:  Appendix  H  of  Report  of  the 
governor  of  Alaska  to  the  Secretary  of  the  Interior,  pp.  1(0-114,  Washington,  1021. 
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Lewis  G.  Westgate  completed  the  geologic  reconnaissance  survey 
of  the  Portland  Canal  region  of  the  Ketchikan  district  between 
July  19  and  September  24.  A  summary  report  of  his  results  is  given 
in  another  part  of  this  volume. 

F.  H.  Moffit,  with  Herbert  Insley  as  geologic  assistant  and  C.  P. 
McElinley  as  topographer,  made  a  geologic  and  topographic  recon- 
naisance  survey  covering  380  square  miles  in  the  Tuxedni  Bay  r^on 
of  Cook  Inlet  between  June  10  and  September  10.  It  was  originally 
planned  to  extend  this  survey  southward  to  include  the  Iliamna  Bay 
oil  field,  but  this  extension  proved  impossible  on  account  of  the 
almost  unprecedented  rainfall  of  the  summer,  which  both  retarded 
the  field  work  and  swelled  the  rivers  and  swamps  so  much  as  to  make 
a  part  of  the  region  impassable  for  a  pack  train.  Mr.  Moffit's  report 
is  contained  in  another  part  of  this  report. 

J.  R.  Eakin  made  topographic  reconnaissance  surveys  of  an  area 
of  390  square  miles  on  the  southern  slope  of  the  Alaska  Range,  in  the 
headwater  region  of  the  Susitna  basin.  The  field  work,  which  was 
carried  on  from  June  27  to  August  28,  was  greatly  retarded  by  rainy 
weather,  which  made  it  impossible  to  carry  the  survey  across  the 
range  as  had  been  planned. 

Phihp  S.  Smith  devoted  the  time  from  July  17  to  September  22 
to  a  continuation  and  revision  of  the  geologic  reconnnaissance  map- 
ping of  the  Salcha-Goodpaster  region^  His  survey,  which  included 
the  investigation  of  mineral  resources,  covered  a  total  area  of  1,200 
square  miles,  of  which  about  500  had  been  previously  unmapped. 

G.  C.  Martin  continued  the  study  of  the  geology  and  mineral  re- 
sources of  the  Ruby,  Iditarod,  and  Innoko  districts.  He  also  made  a 
special  investigation  of  the  auriferous  lodes  of  the  Nixon  Fork  basin 
of  the  Mount  McKinley  district,  in  the  upper  Kuskokwim  basin.  The 
results  of  this  work  are  presented  in  another  part  of  this  volume. 
The  field  work  was  carried  on  from  July  1  to  August  29. 

S.  H.  Cathcart  devoted  from  July  3  to  September  19  to  a  geologic 
study  of  some  of  the  mineral  deposits  of  Seward  Peninsula.  This 
study  is  a  part  of  a  project  for  an  intensive  investigation  of  the  min- 
eral bearing  lodes  of  the  peninsula,  which  unfortunately,  because  of 
lack  of  funds,  could  not  be  continued  in  1921.  A  statement  of  Mr. 
Cathcart's  results  is  given  in  another  part  of  this  volume. 

During  1920  the  Survey  issued  two  bulletins  relating  to  Alaska — 
Bulletin  682,  The  marble  resources  of  southeastern  Alaska,  by  E.  F, 
Burchard,  and  Bulletin  712,  Mineral  resources  of  Alaska,  1918,  by 
6.  C.  Martin  and  others.  A  report  on  the  mining  industry  of  Alaska 
for  1920,  with  estimates  of  mineral  output,  was  issued  on  January  1, 
1921.  On  December  31,  1920,  there  were  in  press  Bulletin  719, 
''Preliminary  report  on  petroleum  in  Alaska,"  by  G.  C.  Martin 
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(issued  February,  1921);  Bulletin  714,  Mineral  resources  of  Alaska, 
by  Alfred  H.  Brooks  and  others  (separate  chapters  issued  between 
February  and  April,  1921).  Two  reports,  including  topographic 
maps  (^'The  geology  of  the  York  tin  deposits,  Alaska,"  by  Edward 
Steidtmann  and  S.  H.  Cathcart,  and  "llie  Kotsina-Kuskulana  dis- 
trict, Alaska,"  by  F.  H.  Moffit  and  J.  B.  Mertie,  jr.),  were  transmit- 
ted in  1920  but  have  not  yet  been  sent  forward  for  printing,  owing 
to  shortage  of  funds  for  publication.  As  this  shortage  makes  it  im- 
possible to  foresee  when  reports  and  maps  can  be  published,  it  does 
not  seem  desirable  to  list  some  10  manuscripts  and  7  topographic 
maps  that  are  in  various  stages  of  preparation. 


WATER-POWER  INVESTIGATIONS  IN  SOUTHEASTERN 

ALASKA. 


By  Geoboe  H.  Canfield. 


INTRODUCTION. 

Systematic  investigation  of  the  water  resources  of  Alaska  was 
b^:un  by  the  United  States  Geological  Survey  in  1906  and  has  been 
carried  on  in  different  parts  of  the  Territory  tq  the  present  time. 
This  investigation  was  undertaken  in  response  to  the  need  for  definite 
information  in  regard  to  water  available  for  many  uses,  among  which 
the  most  important  are  hydraulicking,  dredging,  and  supplying  power 
for  mines,  canneries,  and  sawmills. 

The  investigation  of  the  water  resources  of  southeastern  Alaska 
was  begun  by  the  Geological  Survey  in  cooperation  with  the  Forest 
Service  in  1915  and  was  designed  to  determine  both  the  location  and 
the  possibiUties  of  water-power  sites.  The  results  of  previous  years' 
work  have  already  been  published.  A  table  showing  water-power 
possibilities  in  southeastern  Alaska  is  given  on  page  184,  Bulletin 
714-B. 

The  Geological  Survey  maintained  a  number  of  gaging  stations  in 
southeastern  Alaska  throughout  the  year,  and  other  stations  were 
installed  in  cooperation  with  individuals  and  corporations.  The 
records  obtained  at  these  stations  are  contained  in  this  paper.  Ac- 
knowledgment is  made  to  those  who  have  assisted  in  this  work, 
particularly  to  Mr.  W.  G.  Weigle  and  Mr.  Charles  H.  Flory,  super- 
visors of  the  Forest  Service  at  Ketchikan,  and  to  Mr.  Philip  H.  Dater, 
district  engineer  at  Portland,  Greg. 

The  following  list  shows  the  stations  which  have  been  maintained 
in  southeastern  Alaska  and  the  date  of  establishment.  A  dash  after 
the  date  indicates  that  the  station  was  in  operation  after  December 
31,  1920.    The  location  of  the. stations  is  shown  on  Plate  I  (p.  76). 

1.  Myrtle  Greek  at  Niblack,  Fdnce  of  Wales  Island,  1917— 

2.  Kuta  River  at  Karta  Bay,  Prince  of  Wales  Island,  1915— 

3.  Ketchikan  Creek  at  Ketchikan  1909-1912;  1915-1919. 

4.  Beaver  Falls  Creek  at  George  Inlet,  ReviUagigedo  Island,  1917— 

5.  Mahoney  Creek  at  George  Inlet,  ReviUagigedo  Island,  1920 — 

6.  Fish  Creek  near  Sea  Level,  ReviUagigedo  Island,  1915— 

7.  Swan  Lake  outlet  at  OwroU  Inlet,  ReviUagigedo  Island,  1916— 
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8.  Orchard  Lake  outlet  at  Shrimp  Bay,  ReviUagigedo  Ishmd,  1915— 

9.  Shelockiim  Lake  outlet  at  Bailey  Bay,  191&— 

10.  Mill  Creek  on  mainland  near  Wrangell,  1915-1917. 

11.  Cascade  Creek  at  Thomas  Bay,  near  Petersburg,  1917 — 

12.  Green  Lake  outlet  at  Silver  Bay,  v^tac  fiUka,  1916— 

13.  Baianof  Lake  outlet  at  Baianof,  Baraaof  Island,  1915— 

14.  Falls  Creek  at  Nickel,  near  Chicbagof,  1919-1920. 

15.  Porcupine  Creek  near  Nickel,  1918-1920. 

16.  Sweetheart  Falls  Creek  near  Snettisham,  1915 — 

17.  Crater  Lake  outlet  at  Speel  River,  Port  Snettisham,  1913 — 

18.  Long  Lake  outlet  at  Port  Snettisham,  1913-1915. 

19.  Long  River  below  Second  Lake,  at  Port  Snettisham,  1915— 

20.  Speel  River  at  Port  Snettisham,  1910-1918. 

21.  Grindstone  Creek  at  Taku  Inlet,  1916— 

22.  Carlson  Creek  at  Sunny  Cove,  Taku  Inlet,  1916— 

23.  Sheep  Craek  near  Thane,  1916— 

24.  Gold  Creek  at  Juneau,  1916— 

25.  Sherman  Creek  at  Kenidngton  mine,  1914-1916. 

STATION  RECORDS. 

imiTLS  OBSSK  AT  HIBLAOK,  PBIHOE  OF  WALES  Z8LAjn>. 

Location.— Halfway  between  beach  and  Myr^e  Lake  outlet,  which  is  one-tbird 
mile  from  tidewater,  1  mile  from  Niblack,  in  north  arm  of  Moira  Sound,  Prince 
of  Wales  Island,  and  35  miles  by  water  from  Ketchikan. 

Drain  AG  B  assa. — Not  measured. 

Rbcords  available. — July  30, 1917,  to  December  31, 1920. 

Gaob. — Stevens  continuous  waternstage  recorder  on  right  bank;  readied  by  a  trail 
idiich  leaves  beach  near  the  mouth  of  the  creek. 

DiBCHAROB  Measurements. — ^At  medium  and  high  stages  made  from  a  cable  across 
creek  at  outlet  of  lake;  at  low  stages  made  by  wading. 

Channel  and  control. — ^The  gage  is  in  a  pool  10  feet  upstream  frtHn  a  contracted 
portion  of  the  channel,  at  a  rocky  riffle  that  forms  a  well-defined  and  pennanent 
control.  At  the  cable  section  the  bed  is  smooth,  the  water  deep,  and  the  cuirent 
uniform  and  sluggish. 

Extremes  of  dibcharoe. — Maximum  stage  recorded  during  year,  2.85  feet,  at  1 
a.  m.  August  6  (discharge,  169  second-feet);  minimum  stage,  0.95  foot,  at  4  p.  m. 
July  29  (diBchaige,  24  second-feet). 

1917-1920:  Maximiun  stage  recorded,  4.4  feet  at  6  p.  m.  November  18,  1917 
(discharge  from  extension  of  rating  curve,  387  second-feet);  minimum  stage,  0.96 
foot,  at  4  p.  m.  July  29, 1920  (dischaige,  24  second-feet). 

Ice. — Stage-dischaige  relation  not  affected  by  ice. 

Accuracy. — Stage-discharge  relation  permanent.  Rating  curve  weU  defined  be- 
tween 25  and  220  second-feet.  Operation  of  water-stage  recorder  satisfactory, 
except  for  periods  indicated  in  footnote  to  daily  discharge  table.  Daily  dischaige 
ascertained  by  applying  to  rating  table  mean  gage  heights  detennined  by  inspect- 
ing gage-height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging 
results  obtained  by  applying  to  rating  table  gage  heights  for  regular  intervals  of 
day.  Records  excellent,  except  for  periods  of  break  in  record,  for  which  they 
are  fair. 

Myrtle  Lake,  the  outlet  d  which  is  800  feet  from  Niblack  Anchanige,  is  95  feet 
above  high  tide  and  covers  122  acres.  Niblack  Lake,  the  outlet  of  which  is  5,700  feet 
irom  Niblack  Anchorage,  is  450  feet  above  high  tide  and  covers  383  acres.    Mary  Lake, 
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UDsurveyed,  is  about  600  feet  above  sea  level  and  is  a  mile  long  and  one-fourth  to 
one-half  mile  wide.  The  latge  lake  area  in  this  small  drainage  basin  is  the  cause  of  the 
well>maintained  flow  during  the  winter  and  periods  of  little  rainfall. 

A  tunnel  about  200  feet  long  through  the  low  ridge  separating  the  outlet  of  Myrtle 
Lake  from  the  Niblack  Anchorage  was  practically  completed  in  1920  by  the  G.  M. 
Wakefield  Mineral  Lands  Co.  At  the  lake  end,  the  upper  2  feet  only  of  the  tunnel 
section  was  broken  through,  because  the  bottom  of  the  tunnel  is  at  about  the  same 
elevation  as  Myrtle  Lake. 

No  dischaige  measurements  weto  made  at  this  station  during  the  year. 

Daily  duckarge,  in  seeond-feetf  of  Myrtle  Creek  at  Niblack,  for  19t0, 


Day. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

34 
32 
32 
32 
32 

32 
31 
31 
30 
30 

54 
71 
57 

48 
41 

37 
37 
47 
44 
40 

37 
36 
35 
35 
42 

60 
60 
55 
50 
46 

44 

42 
41 
40 
47 

53 
54 
64 
52 
48 

46 
46 
45 
42 
50 

54 
55 
54 
50 
47 

44 
44 
44 

43 
50 

61 
56 
51 
48 
48 
46 

46 
46 
46 
46 
46 

46 
44 
44 

46 
46 

44 

42 
40 
40 
42 

40 
40 
42 
40 
40 

40 
42 
43 
44 
44 

47 
46 
47 
48 
45 

43 
40 
88 
36 
35 

34 
33 
31 
31 
80 

29 

29 
28 
27 
27 

27 
26 
26 
25 
25 

26 
25 
25 
25 
25 

25 
25 
24 
24 
24 
25 

31 

43 

46 

102 

157 

157 

100 

73 

58 

54 

102 

109 

91 

77 
68 

.64 
59 
56 

52 
50 

48 

s 

41 

52 
61 
55 
50 
46 
56 

67 
64 
66 

53 
50 

46 
52 
82 
67 
56 

65 
70 
62 
56 

71 

71 
64 
67 
54 
68 

80 
98 
83 

70 
63 

61 
64 
106 
92 
77 

83 
95 
93 
90 
88 

79 
72 
67 
86 
100 

86 
80 
106 
95 
86 

79 
73 
68 
67 
94 

89 

92 

106 

114 

104 

92 
96 
87 
78 
83 
114 

157 
175 
157 
140 
121 

111 

103 

96 

89 

84 

77 
73 
68 
63 
60 

60 
62 
61 
63 
65 

73 
71 
73 
84 
111 

101 
96 
98 
89 
81 

76 

2 

70 

3 

88 

4 ,,., 

100 

5 

118 

6 

140 

7 

134 

8 

114 

9 

99 

10 

92 

11 

50 
50 
47 

...... 

34 

33 
33 
32 
32 
31 

31 
32 
37 
40 

40 
36 

86 

12 

84 

13 

53 
50 

48 

48 
60 
80 
60 
52 

48 
46 

88 

14 - 

89 

15 

80 

16 

73 

17 

88 

18 

92 

19 

81 

20 

75 

21 

70 

22 

67 

23 

63 

24 

58 

25 

56 

63 

27 

184 

124 

29 

99 

91 

31 

108 

NoTB.— Waternstage  reoorder  not  operating;  discharge  estimated  tram  maximum  and  minimum  stages 
indicated  by  reoorder  and  comparison  with  climatic  data  for  Ketohikan  and  hydrograpbs  for  Fish  Creek 
and  Karta  River  Jan.  1-31,  100  second-feet:  Feb.  1-12,  85  second-feet;  Feb.  17-19,  daily  dtscharKc;  Feb. 
23-29, 40  seoond-feet;  Mar.  1-10, 35  seoond-foet;  Mar.  14-18>  408eGond-foet;  Apr.  19  and  20,  as  shown  in  table. 


Monthly  discharge  of  Myrtle  Creek  at  Niblack,  for  iStd 


Month. 


January.. 
February. 
March.... 

April 

May 

June 

July 


Disehangein  aeoond-feet. 


Maxi- 
mum. 


60 
61 
48 
43 


Mini- 
mum. 


30 
40 
40 
24 


Mean. 


100 
63.6 
36.8 
41.6 
48.4 
43.7 
28.8 


Run-ofl 
in  acre- 
feet. 


6,150 
3,660 
2,260 
2,480 
2,980 
2,600 
1,770 


Month. 


August 

September. 
October... 
November. 
December. 


The  year. 


Disohaigein  seooodrf eet. 


Maxi- 
mum. 


157 
106 
114 
175 
140 


Mini- 
mum. 


31 
46 
67 
60 
56 


24 


Mean. 


67.6 
67.5 
88.4 

92.1 
90.2 


64.1 


Run-off 
in  acre- 
feet. 


4,160 
4,020 
5,430 
5,480 
6,550 


46,600 
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KARTA  HIVS&  AT  XAKTA  BAT.  PRnrCX  OF  WALKS  ZSLAVS. 

LoGAnoN.—Iii  latitade  Nl""  34'  N.,  longitude  132''  37'  W.,  at  head  of  Karta  Bay,  an 

arm  of  Kasaan  Bay,  on  east  coast  of  Prince  of  Wales  Island,  42  milea  by  water 

acroBB  Clarence  Strait  from  Ketchikan. 
Drainage  area.— 49.5  square  miles  (U.  8.  Forest  Service  reconnaissance  map  of 

Prince  of  Wales  Island,  1914). 
Records  available. ^uly  1,  1915,  to  December  31,  1920. 
Gaqe. — Stevens  continuous  water-stage  recorder  on  left  bank,  half  a  mile  above 

tidewater,  at  head  of  Karta  Bay  and  1}  miles  below  outlet  of  Little  Salmon  Lake. 

Two  per  cent  of  total  drainage  of  Karta  River  enters  between  outlet  of  lake  and 

Discharge  measurements. — ^At  medium  and  high  stages  made  from  cable  acrosi 
river  50  feet  upstream  from  gage;  at  low  stages  by  wading  at  cable  section. 

Channel  and  control. — ^From  Little  Salmon  Lake,  1^  miles  from  tidewater,  the 
river  descends  105  feet  in  a  series  of  rapids  in  a  wide,  shallow  channd,  the  banks 
of  which  are  low  but  do  not  overflow.  The  bed  is  of  coarse  gravel  and  boulden; 
rock  crops  out  only  at  outlet  of  lake.  Gage  and  cable  are  at  a  pool  of  still  water 
formed  by  a  riffle  of  coarse  gravel  that  makes  a  well-defined  and  permanent  con- 
trol. 

Extremes  of  discharge. — ^1915-1920:  Maximum  stage,  5.5  feet  November  1,  1917 
(discharge,  5,070  second-feet);  minimum  flow,  21  second-feet,  February  11, 1916. 

Accuracy.— ^tage-discharge  relation  permanent.  Rating  curve  well  defined  between 
80  and  1,500  second- feet;  extended  below  80  second-feet  to  the  point  of  zero  flow 
and  above  1,500  second-feet  by  estimation.  Daily  discharge  ascertained  by 
applying  to  rating  table  mean  daily  gage  height  determined  by  inspecting  gage- 
height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging  results  obtained 
by  applying  gage  heights  for  regular  intervals  to  rating  table.  Records  excellent, 
except  for  periods  of  breaks  in  record  and  for  discharge  above  1,500  second-feet, 
for  which  they  are  fair. 

The  combined  area  of  Little  Salmon  Lake  at  an  elevation  of  105  feet  and  Salmon 
Lake  at  an  elevation  of  110  feet  is  1, 600  acres.  The  slopes  along  the  right  shore  of  lakes 
and  at  head  of  Salmon  Lake  are  gentle,  and  the  area  included  by  the  250-foot  contour 
above  outlet  of  lake  is  5,500  acres.  The  drainage  area  below  an  elevation  of  2,000  feet 
is  heavily  covered  with  timber  and  dense  undergrowth  of  ferns,  brush,  and  ald^s. 
The  upper  parts  of  the  mountains  are  covered  with  thin  soil  and  brush.  Only  a  few 
peaks  at  an  elevation  of  3,500  feet  are  bare.  This  laige  lake  and  flat  area  and  thick 
vegetal  cover  afford  considerable  natural  storage,  which,  after  heavy  precipitation, 
maintains  a  good  run-off.  The  snow  usually  melts  by  the  end  of  June,  and  the  run-off 
becomes  very  low  during  a  dry,  hot  summer. 

The  Forest  Service  in  the  summer  of  1916  constructed  a  pack  trail  from  tidewater 
to  outlet  of  Little  Salmon  l^ake  and  ran  a  line  of  levels  to  outlet  of  Little  Salmon  Lake, 
the  elevation  of  which  was  found  to  be  105  feet  above  high  tide. 

No  discharge  measurements  were  made  at  this  station  during  the  year. 
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Daily  dMiarff$,  in  ueomd^fut,  of  Kcfia  River  at  Karta  Ba^,  for  19tO. 


1. 

3. 
3. 
4. 
5. 

6. 
7. 
8. 
0. 
10. 

a. 

13. 
13. 
14. 
16. 

16. 
17. 
IB. 
19. 
20. 

21. 
23. 
23. 
34. 
35. 

36. 
27. 
28. 
30. 
30. 
31. 


Day. 


Jan. 


i54 

1,110 

2,430 

1,570 

980 

714 

600 

2,060 

1,390 

016 

600 
536 
494 
681 
681 

543 
454 

356 
306 
343 

301 


Feb. 


338 
324 

228 
565 
765 
684 
515 

403 
320 
364 
320 

188 

160 
145 
128 
115 


Mar. 


106 
97 
88 
83 
78 

78 

81 

88 

100 

106 

142 
180 
180 
172 
160 

142 
142 
132 
118 
109 

100 
88 
88 
83 
81 

78 
78 
118 
164 
306 
201 


Apr. 


180 
160 
142 
132 
138 

138 
135 
118 
109 
103 

153 
338 
354 
338 
315 

193 


May. 


Aug. 


560 


OeU 


565 

706 
880 
748 

588 
467 
382 
306 
860 

433 
460 
572 
688 
665 

550 
601 
480 
415 
338 
764 


Nov. 


1,000 
1,940 
1,820 
1,250 
860 

625 
501 
396 
826 
260 

233 
192 
172 
152 
132 

121 
118 
118 
135 
160 

338 
302 
356 
501 

748 

722 
588 

705 
665 
550 


Dec. 


448 
350 
364 
468 
706 

835 
746 
588 
460 
362 

302 
264 
274 
280 
354 

193 
248 
382 
896 
350 

308 
363 
229 
199 
172 

192 
950 
1,420 
970 
665 
665 


Note. — Waterstage  recorder  not  operating;  discharge  for  following  periods  estimated  from  maidmmn 
and  minimum  stages  indicated  by  reoorder  and  by  oomparlBon  with  hydrogiaphs  of  other  stationa:  Jan. 
23-31, 110  second-feet;  and  Feb.  1-13, 430  seoond-feet. 

MoTithly  discharge  of  Karta  River  at  Karta  Bay^  for  19t0. 


Disehargein  seoond-feet. 

Run-off 
in  acre- 
feet. 

Month. 

Disehargein  seoond-feet 

Run-off 

Month. 

Maxi- 
mum. 

Mini- 

Mean. 

Maad- 
mum. 

Mini- 
mum. 

Mean. 

in  acre- 
feet. 

Januarr . .  t  , ,  ^  r ,  r 

2,430 

* 

603 
866 
U8 
163 

37,100 

31,100 

7,200 

5,170 

October  13^1.... 

November 

December 

880 
1,040 
1,420 

308 
118 
173 

637 
630 
461 

21,100 
31,600 
38,300 

P^IWIiriT-  r  ----,-- 

March 

206 
264 

78 
103 

April  1-16 

80  MIKEBAL  BE80UBCS8  OF  ATJkRKA,  1M». 

BXAVBm  VALU  CBXBX  AY  aSOSOB  IVLST.  BSVUXAAliaDO  IBLAVB. 


Location. — About  200  feet  above  diveerion  dam  and  flume  lor  shingle  mill  and 
oalmon  cannery;  SOO  feet  from  beacb  on  west  shore  of  (jeoige  Inlet;  10  miles  by 
water  from  Ketchikan. 

Drain  AGS  aria. — 6.9  square  miles  (United  States  Forest  Service  survey  made  in 
1917). 

Records  availabli. — August  3  to  October  10,  1917;  September  5  to  December  31, 
1920. 

Gaob. — Stevens  continuous  water-stage  recorder  on  left  bank,  a  quarter  of  a  mile 
from  tidewater;  reached  by  a  corduroy  trail  which  leaves  beach  back  of  cannery 
buildings.  The  gage  was  washed  out  by  high  water  in  November,  1917.  A 
new  recorder  was  installed  on  September  5,  1920,  at  a  point  8  feet  downstream 
from  site  of  first  recorder  at  datum  of  August  3, 1917. 

Discharge  usasitrbmbnts. — ^At  medium  and  high  stages,  made  from  log  gaging 
bridge  across  stream  a  quarter  of  a  mile  upstream  from  gage;  at  low  stages  made 
by  wading  under  bridge. 

Channel  and  control.— The  gage  is  in  a  partly  sheltered  pool  in  a  narrow,  deep, 
rocky  canyon,  15  feet  upstream  from  a  small  rocky  fall,  which  forms  a  well-defined 
and  pennanent  control. 

Diversion. — ^A  small  quantity  of  water  is  diverted  about  200  yards  below  station 
into  a  flume  for  use  of  shingle  mill  and  cannery. 

Accuracy. — Stage-discharge  relation  permanent,  but  gage  well  was  disturbed  by  logs 
and  settled  probably  during  high  water  on  August  20,  1917.  Rating  curve  used 
August  3-19,  1917,  and  September  5  to  December  31,  1920,  determined  by  four 
dischai>re  measurements  and  point  of  zero  flow,  is  well  defined  below  500  second- 
feet;  curve  used  August  20  to  October  10,  1917,  based  on  two  discharge  measure- 
ments which  indicate  the  amount  of  change  in  gage  datum  caused  by  settlement 
of  gage  well.  Operation  of  water-stage  recorder  satisfactory  except  for  x>eriod0 
indicated  in  footnote  to  daily-discharge  table.  Daily  discharge  ascertained  by 
applying  to  rating  table  mean  daily  gage  height  determined  by  inspecting  gage- 
height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging  results  ob- 
tained by  applying  to  rating  table  mean  gage  heights  for  intervals  of  the  day. 
Records  good,  except  those  for  periods  when  gage  did  not  operate  satisfactorily, 
which  are  fair. 

Lower  Silvis  Lake,  whose  elevation  is  790  feet  above  high  tide,  is  1^  miles  from  the 
beach,  and  its  area  is  62  acres.  The  elevation  of  upper  Silvis  Lake,  whose  outlet  is 
only  1,100  feet  from  the  upper  end  of  the  lower  lake,  is  1,100  feet  above  high  tide 
and  its  area  is  234  acres.  Drainage  area  above  outlet  of  lower  lake  is  4.9  square  miles; 
above  outlet  of  upper  lake,  3.6  square  miles. 

DMiarge  msamrsmefite  ofBtaotr  FaUs  Greek  at  Oeorge  InUi  during  1990. 

[Made  by  O.  H.  CftDfldd.] 


D»te. 


Dis- 

CllftI)pL 


8fpt.O. 
8«pt.8. 
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Daily  discharge,  in  Mooncf/e^,  of  Beaver  FtUla  Creek  at  George  Inlet  for  the  periode  Aug,  1 

to  Oct,  10, 1917,  and  Sept,  6  to'Dec.  SI, ,1920. 


Day 

. 

Aug. 

Sopt. 

Oct. 

Day. 

Aug. 

Sept. 

Oct. 

Day 

Aug. 

Sept. 

Oct. 

1917. 
1 

75 
80 
88 
60 
58 

49 
46 
42 
38 
43 

34 
28 
26 
21 
18 

16 
15 
14 
12 
11 

142 
283 
223 
352 
183 

97 
69 
62 
76 
152 

11 

64 
59 
51 
59 
182 

296 
304 
437 
526 

386 

14 

48 

97 

193 

234 

164 
97 

162 
90 
97 

21 

247 
371 
224 
175 
140 

100 
265 
276 
158 
78 
47 

175 
132 
86 
168 
344 

144 

323 
805 
212 
107 

2 

12 

22. 

3 

13 

23 

4 

14 

34 

5 

16 

25 

6 

16 

26 

7 

17 

27 

8 

18 

28. 

9 

19 

29 

10 - 

20 

30 

31 

Day. 

Sept 

Oct. 

Nov. 

Dee. 

Day. 

Sept 

Oct. 

Nor. 

Dec. 

Day. 

Sept 

Oct. 

Nov. 

Dec. 

1020. 
1 

232 
188 
162 
105 
75 

51 

33 

119 

432 

291 

300 
500 
300 
200 
100 

50 
32 
26 
21 
16 

85 
40 
40 
70 
72 

61 
56 

38 
24 
20 

1930. 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

194 
176 
100 
105 
170 

105 
64 
45 
38 

178 

152 
185 
246 
146 
72 

.46 
32 
26 
33 

13 

11 

10 

9 

8 

8 
7 
6 
7 

19 
20 
25 
25 
19 

14 
16 
18 
16 
13 

1930. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

325 

2U0 

134 

78 

56 

56 

63 

292 

164 

107 

11 

2 

9 

3 

g 

4 

7 

5 

7 

6 

30 
140 
336 
170 

92 

7 

7 

266 

8 

278 

9 

153 

10 

94 

100 

Note.— Discharge  for  following  periods  estimated,  because  of  unsatisfactory  operation  of  water-stage 
recorder,  by  comparison  with  records  of  flow  for  other  stations:  Aug.  1,  2,  and  24-26, 1917.  as  shown  m 
table;  Oct.  20^1, 1920, 180  second-feet;  Nov.  1-7, 13-19,  and  Dec.  M,  1920,  as  shown  in  table;  Nov.  20- 
30, 1930, 80  second-feet. 

M<onthly  distharge  of  Beaver  Falla  at  George  Inlet  for  the  periods  Aug,  1  to  Oct.  10,  1917, 

and  Sept.  6  to  Dec.  SI,  19S0, 


Discharge  in  second-feet 

Run-off 
in  acre- 
feet. 

Month. 

.  1.^                               1 

Discharge  in  second-feet 

Ron-ofl 

Month. 

Maxi- 

mum. 

Mini- 

miiTn 

Mean. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

in  acre- 
feet. 

1917. 
Angnst 

525 
323 
852 

38 
11 

52 

162 
109 
163 

9,960 
6,490 
3,230 

1920. 
September  6-30.. 
October 

336 

30 
26 

7' 

137 

154 
83.5 
52.5 

6,790 
9,470 
4,970 
3,230 

September 

Octoberl-10 

November 

December 

The  period. 

500 
278 

24,500 

KAHOHXT  CBEBK  AT  aSO&aX  IKI^BT,  BSVILULaXQXDO  ISLAKD. 

Location. — One-fourth  mile  below  outlet  of  Surprise  Lake  and  one-fourth  mile 
above  tidewater  on  west  shore  of  George  Inlet,  Revillagigedo  Island,  3  miles 
north  of  Beaver  Falls  Creek,  and  13  miles  by  water  from  Ketchikan. 

Drainaoe  area. — Not  measured. 

Rbcords  available. — September  10  to  December  31, 1920. 

Gagb. — Stevens  continuous  water-stage  recorder  on  right  bank  of  stream  one-fourth 
mile  above  beach. 

Discharge  measurements. — ^At  high  stages,  made  from  cable  across  creek  100  yards 
above  gage;  at  medium  and  low  stages,  by  wading  at  cable  section  or  at  channel 
on  beach  exposed  at  low  tide. 

63903''— 22 6 
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Channel  and  control. — ^The  gage  is  at  edge  of  pool  between  two  rifflea  the  lo«^ 
of  which  forme  a  well-defined  and  per^nent  control. 

>  Ice. — Stage-discharge  relation  not  affected  by  ice. 

Accuracy. — Stage-discharge  relation  permanent.  Rating  curve  well  defined  below 
but  poorly  defined  above  150  second-feet.  Daily  discharge  ascertained  by 
applying  to  rating  table  mean  daily  gage  height  determined  by  inspecting  gage- 
height  graph  or,  for  days  of  considerable  fluctuation,  by  averaging  results  obtained 
by  applying  to  rating  table  mean  gage  heights  for  intervals  of  the  day.  Records 
good,  except  for  periods  of  break  in  record  and  discharge  above  150  second-feet, 
for  which  they  are  poor. 

The  Forest  Service  topographic  map  of  Beaver  Falls  drainage  basin  shows  the 
approximate  location,  outline,  and  elevation  of  two  important  lakes  in  the  Mahoney 
Creek  basin.  They  are  Lower  Mahoney  Lake,  the  outlet  of  which  is  half  a  mile  from 
the  beach  at  an  elevation  of  75  feet  above  high  tide,  and  Upper  Mahoney  Lake,  the 
outlet  of  which  is  three-fourths  mile  above  head  of  Lower  Mahoney  Lake.  This  lake 
is  about  2,000  feet  above  high  tide  and  has  area  of  about  180  acres.  The  discharge 
at  outlet  of  Upper  Mahoney  Lake  is  roughly  estimated  as  65  per  cent  of  the  flow  at 
the  gaging  station. 

Discharge  meaauremenis  of  Mahoney  Creek  at  George  Inlet  during  1920, 

{Made  by  Q.  H.  Canfleld.] 


Date. 

Qage 
height. 

Dis- 

Sept.  10 

...^.                            __           —     .._ 

Feet. 
1.42 
.95 

1.18 

See.'ft. 

84 

Dec.  3 

35 

4 

56 

Daily  discharge^  in  second-feet^  of  Mahoney  Creek  al  George  Inlet,  for  the  period  Sept.  10 

to  Dee.  SI,  19t0. 


Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec 

Day. 

Sept. 

Oct. 

< 

Nov.,  Dec 

1 

182 

m 

127 
92 

68 

50 

37 

30 

224 

260 

250 
400 
260 
150 
75 

40 
28 
24 
21 
19 

70 
30 
33 
55 
58 

54 

56 
47 
35 
25 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

152 

157 

94 

80 

152 

104 
62 
43 
S3 
76 

127 

94 

192 

130 

82 

53 
37 
28 
26 
33 

18 
17 
16 
15 
14 

13 
12 
12 
15 

21 
22 
22 
24 
22 

22 
19 

20 
18 
17 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

212 

159 

105 

68 

50 

42 

48 
181 
143 

94 

122 
104 
146 

1 

14 

2 

16 

3 

15 

4 

y 15 

5 

r:::::i    S 

6 

..  .   i     21 

7 

\u 

8 

202 

9 

lis 

10 

82 

82 

88 

Note.— Diachaige  for  following  periods  estimated,  because  of  unsatisfactory  operation  of  water-^tige 
recorder,  from  maximum  and  mninmim  stases  indicated  by  recorder  and  by  comparison  with  reooids  of 
flow  for  other  stations:  Oct.  25^1, 140  seoona-feet;  Nov.  \-i  and  10-19,  as  shown  in  table;  Nov.  20-30, 70 
SBOoad^eet;  Deo.  1-2,  as  shown  in  table. 

Monthly  discharge  of  Mahoney  Creek  at  George  Inlet  for  the  period  Sept.  10  to  Dec.  SI,  19S0. 


Discharge  in  second-feet 

1 

Rtm-off 

inaere- 

feet. 

Month. 

Discharge  in  second-feet. 

Run-off 

Month. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Maxl- 
mum. 

Mini- 
mom. 

Mean. 

inacfe- 
fWL 

September  10>30. 
October 

212 

33 
26 
12 

102 

114 
72.0 

4,250 
7,010 
4,280 

December 

The  period. 

202 

14 

46.3 

• 

2,850 

November 

400 

18,400 

WATEB-POWBR  INVESTIGATIONS  IN  SOUTHEASTERN  ALASKA.       83 
ma  OBXBK  SMAB,  8BA  LXVXL,  SBVILLAOKIXBO  X8LAHX>. 

Location. — In  latitude  55®  24'  W.,  near  outlet  of  Lower  Lake  on  Fiah  Greek,  600  feet 
from  tidewater  at  head  of  Thome  Ann,  2  miles  northwest  of  mine  at  Sea  Level, 
and  25  miles  by  water  from  Ketchikan. 

Drainaqb  area. — ^Not  measured. 

Records  available. — ^May  19, 1915,  to  December  31,  1920. 

Gaoe. — Stevens  water-stage  recorder  on  right  shore  of  Lower  Lake,  200  feet  above 
outlet. 

DiscHAROB  MEAST7REMENTS. — ^At  medium  and  high  stages  made  from  cable  across 
creek,  1  mile  upstream  from  gage  and  500  feet  above  head  of  Lower  Lake;  at  low 
stages  made  by  wading  at  cable.  Only  one  small  creek  enters  Lower  Lake,  at 
point  opposite  gage,  between  the  cable  site  and  control. 

Channel  and  control. — ^The  lake  is  about  500  feet  wide  opposite  the  gage.  Outlet 
consists  of  two  channels,  each  about  60  feet  wide,  separated  by  an  island  40  feet 
wide.  From  the  lake  to  tidewater,  200  feet,  the  creek  falls  about  20  feet.  Bed- 
rock exposed  at  the  outlet  of  the  lake  forms  a  well-defined  and  permanent  control. 

Extremes  of  discharge. — Mazimiim  stage  recorded  during  year,  4.9  feet  about 
August  6  (dischaige  computed  from  extension  of  rating  curve,  4.110  second-feet); 
minimum  stage,  0.63  foot,  March  5  (dischaige,  40  second-feet). 

1915-1920:  Maximum  stage  recorded,  5.33  feet  November  1,  1917  (discharge, 
4,600  second-feet);  minimum  stage,  0.50  foot,  February  11,  1916  (discharge,  22 
second-feet). 

loE. — ^Lower  Lake  freezes  over,  but  as  gage  is  set  back  in  the  bank  ice  does  not  form 
in  well,  and  the  relatively  warm  water  from  the  lake  and  the  swift  current  keep 
the  control  open. 

Accuracy. — Stage-discharge  relation  permanent.  Rating  curve  well  defined  below 
and  extended  above  1,500  second-feet.  Operation  of  water-stage  iiBcorder  satis- 
factory except  for  periods  shown  in  footnote  to  daily-discharge  table.  Daily 
discharge  ascertained  by  applying  to  rating  tablemean  daily  gage  heights  deter- 
mined by  inspecting  gage-height  graph,  or,  for  days  of  considerable  fluctuation, 
by  averaging  results  obtained  by  applying  to  rating  table  mean  gage  heights  for 
regular  intervals  of  day.  Records  good,  except  for  periods  of  break  in  record 
for  which  they  are  fair. 

A  map  of  the  lakes  on  the  drainage  basin  of  this  stream  was  made  by  the  United 
States  Geological  Survey  in  April,  1921.  Lower  Lake  is  at  an  elevation  of  15  feet 
above  high  tide  and  has  an  area  of  55  acres;  Big  Lake  is  at  an  elevation  of  277  feet  and 
has  an  area  (including  lagoon  at  approximately  same  elevation)  of  358  acres;  Third 
Lake  is  at  an  elevation  of  324  feet  and  has  an  area  of  180  acres;  Mirror  Lake  is  at  an 
elevation  of  377  feet  and  has  an  area  of  about  250  acres;  Basin  Lake  (draining  into 
Big  Lake  from  the  east)  is  at  an  elevation  of  456  feet  and  has  an  area  of  240  acres. 
The  following  discharge  measurement  was  made  by  G.  H.  Canfield: 
December  5, 1920:  Grage  height,  1.32  feet;  discharge,  290  second-feet. 
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Dmiff  dimAm^,  in  Mcoml^fiet,  of  FiMk  (>td:  mm' 8m  Ln^ 


Dsf. 

Jan. 

286 

368 
780 
780 
606 

378 
334 
681 
694 
833 

414 
318 
396 
863 
686 

836 
395 
313 
250 
217 

184 
183 
136 
123 
104 

07 
00 
83 

76 
65 
65 

Feb, 

.  Mat, 

Apr. 

Maj. 

439 
368 

346 
346 
335 

680 
937 
796 
690 
488 

379 
335 
334 
308 

291 

346 
436 

Jana. 

'.-..  .. 

r 

«B 
390 
370 
374 
390 

403 
390 
432 
436 
40S 

374 
379 
422 
402 
436 

443 
455 

483 

698 

658 

July. !  Aug.  acpt. 

Dk. 

1 

2 

a 

64 

00 

78 

226 

456 

786 
666 

455 

357 
276 

226 
300 

175 
180 
130 

180 
225 
397 
296 
200 

216 

176 
180 
130 
112 

96 

89 
85 
80 

74 
67 
64 
00 

ff7 

03 
74 
85 
86 
80 

109 
127 
130 
130 

109 

96 
94 

94 

92 

130 

165 
140 
120 
114 

107 

96 
04 
109 
134 
140 
140 

130 
114 

103 
94 

89 

87 
86 

80 
76 
74 

130 
335 
216 
170 
176 

154 
140 
184 
229 
334 

230 
198 
184 
176 

180 

336 

660 
725 
628 
630 

006 
808 
SQO 
436 

390 

379 
370 
368 
374 
370 

374 

130  

399 
2S 
3BD 

4 

son 

J: :  : :::::::::::::: :.:.:. 

1 

m 

6 

7 

v.'.'.'.','.'" 'Ho 

302 

aoz 

H 

3G5 

0 

220 

n 

303 

130 
380 
960 
340 
254 

191 

11 

ITS 

12 

357 

16 

13 

340 
324 
302 

291 
275 
364 
234 
230 

184 
173 
157 
146 
130 

130 
120 
100 
102 
102 

"'sii' 

422 
324 
264 
206 

165 

154 
146 

1« 

17J 

15 

157 

16 

14D 

110 

18 

146 

10 

14D 

30 

IS 

21 

134 

22 

100 

28 

96 

M 

25 

S7 

36 

0 

27 

3S5 

38 

665 

29 

638 

30 

48S 

31 

106 

5K 

NOTX.— DUoharge  for  foUowlng  periods  eetimaled,  because  of  unaatlatectory  operation  of  wa(er-«tage 
recorder,  from  records  of  flow  fbr  other  stations:  Jan.  36-38,  discharge  Interpolated;  Feb.  11-17,  dally  discfaarp 
ai  Riven  in  table  (maximum  and  minimum  stages  Indicated  by  reoorder);  May  18^1»  875  seeond-lBet;  sod 
Juno  1-10. 600  second-feet  (maximum  and  minimum  stages  for  the  period  indicated  by  the  reoarder);  Aog. 
3-14, 1,100  seoond-teet:  Aug.  23-81, 180  seoond-teet;  Sept.  1-8,  240  second-ieet;  Sept.  11-14,  dal^  dixtuft 
Sept.  16-80, 810  seoond-leet;  Oct.  1-31, 460  second>ibet;  Nov .  1-30,  400  seOGod-lwt;  Dec.  1-4,  daOy  dIsclisiSD 

Monthly  discharge  of  Fish  Creek  near  Sea  Level  for  19  tO, 


Month. 


January.. 
February. 
March  — 
April  .... 

May 

June 

July 


niiichargeln  second-feet. 


Maxi- 

Mini. 

mum. 

mum. 

-flO 

65 

ISA 

60 

165 

57 

735 

74 

037 

605 

102 

Mean. 


I  Run-off 

in 
I    feet. 


333 

22S 

103 
230 
431 
400 
284 


20,A00 
13,100 
6,270 
13,100 
25,900 
20,300 
17.500 


Month. 


August  ... 
September. 
October... 
Novembtf. 
December. 


The  year . 


Discharge  in  second-feet. 


Maxi- 
mum. 


665 


Mini- 
mum. 


87 


Mean. 


Run-off 
ini 
feet. 


681 


460 
400 

233 


337 


36,700 
17,200 
28ua00 
33,800 
14,300 


245.000 


WATEB-POWBB  IITVESTIGATIOKS  IN  SOUTHEASTBBK  ALASKA.      85 
BWAV  LASB  OUTLST  AT  OASSOLL  UffLXT,  B^VZLLAOZOXDO  IBXAHD. 

XfOCATiON. — ^Halfway  between  Swan  Lake  and  tidewater,  on  east  shore  of  Carroll 
Inlet  1  mile  from  its  head,  30  miles  by  water  from  Ketchikan. 

I>BAiNAOE  AREA. — Not  measured. 

Rbcorob  available. — ^August  24, 1916,  to  December  31, 1920. 

GiLOB. — Stevens  water-stage  recorder  on  left  bank,  half  a  mile  from  tidewater;  reached 
by  a  tra^  which  leaves  beach  back  of  old  cabin  one-fourth  mile  south  of  mouth 
of  creek.  Gage  was  washed  out  by  extreme  high  water  in  November,  1917. 
New  gage  installed  10  feet  fiirther  back  in  bank  at  old  datum,  but  with  a  new 
control,  on  May  5, 1918. 

I>i8CHABOE  MEASUREMENTS. — ^At  medium  and  high  stages,  made  from  a  cable  across 
stream  100  feet  downstream  from  gage;  at  low  stages,  made  by  wading. 

Channel  and  control. — ^The  gage  well  is  in  a  deep  pool  25  feet  upstream  from  a 
contracted  portion  of  the  channel,  where  a  fall  of  1  foot  over  bedrock  forms  a 
'  permanent  control.  The  effect  of  the  violent  fluctuation  of  the  water  sur&ce 
outside  of  the  gage  well  is  decreased  in  the  inner  float  well,  because  the  intake 
holes  at  the  bottom  are  very  small.  At  the  cable  section  the  bed  is  rough,  the 
water  shallow,  and  the  current  very  swift.  Point  of  zero  flow  is  at  gage  height 
—1.0  foot. ' 

Szteemes  of  discharge. — Maximum  stage  during  year,  from  water-stage  recorder, 
5.50  feet  at  noon,  August  6  (dischaige,  computed  from  extension  of  rating  curve, 
2,800  second-feet);  minimum  stage,  0.23  foot  April  10  (discharge,  62  second-feet). 
1915-1920:  Maximum  stage  occurred  probably  on  November  1, 1917  (discharge, 
estimated  by  comparison  with  Fish  Creek,  5,500  second-feet);  mi^itmini  (iig. 
chazge,  36  second-feet,  March  19-20,  1919. 
Ice. — Stage-discharge  relation  not  affected  by  ice. 

AccuRACT. — Stage-discharge  relation  permanent.  Rating  curve,  determined  by  six 
discharge  measurements  and  point  of  zero  flow,  is  ^urly  well  defined  below  2,000 
second-feet.  Water-stage  recorder  operated  satisfactorily  except  for  periods 
indicated  in  footnote  to  daily-dischaige  table.  Daily  dischaige  ascertained  by 
applying  to  rating  table  mean  daiTy  gage  heights  determined  by  inspecting  gage- 
height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging  disdiazges 
obtained  by  iqpplying  to  rating  table  mean  gage  heights  for  regular  intervals  of 
day.    Records  good,  except  for  periods  of  break  in  record,  for  which  they  are  fair. 

No  maps  of  the  entire  drainage  basin  of  this  stream  are  avaUable.  The  United 
States  Forest  Service  in  the  fall  of  1920  made  a  survey  consisting  of  stadia  traverse 
between  the  beach  and  Swan  Lake,  by  which  the  elevation  was  determined  as  220 
feet  above  high  tide;  triangulation  of  lake,  by  which  area  of  lake  was  detemuned  as 
1,325  acres;  topogn^hy  of  lake  shore  below  an  elevation  of  350  feet  and  of  stream 
between  lake  and  proposed  dam  site,  two-thirds  mile  below  outlet  of  lake,  where 
elevation  of  bed  of  stream  is  170  feet;  cross  section  at  dam  site;  and  topography  along 
proposed  conduit  about  300  feet  long  on  south  side  of  creek.  Blue-print  copies  of 
the  map  of  this  survey  may  be  obtained  from  the  offices  of  the  United  States  Forest 
Service  at  Portland,  Oreg..  or  Ketchikan,  Alaska. 

No  dischaige  measurements  were  made  at  this  station  during  the  year. 
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Daily  di9charge,  in  Meoond-feet,  of  Swan  Lake  outlet  at  CarroU  Inlet  for  t9tO* 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dee. 

1 

60 

68 

78 

196 

425 

644 
608 

445 
343 
277 

246 
224 
193 
170 
152 

161 
240 
262 
254 
226 

193 
172 
154 
137 
122 

111 

108 

98 

94 

89 
85 
80 
76 
78 

78 
89 
94 
92 

99 

158 
152 
135 
116 
106 

94 
90 
87 
84 
99 

106 
94 
89 
89 
85 

80 
82 
145 
122 
120 
103 

94 
85 
79 
74 
78 

78 
60 
68 
63 
64 

132 
165 
151 
137 
136 

118 
109 
313 
813 
103 

181 
170 
165 
170 
226 

448 
790 
745 
630 
513 

433 
397 
380 
352 
368 

503 
765 
657 
601 
400 

343 
328 
315 
207 
315 

300 
418 
485 
473 
384 

328 
303 
291 
287 
322 

343 
364 

346 
358 
445 
537 

585 

608 

820 
902 
875 

795 
608 
650 
575 
525 

500 

485 
470 
460 
485 

500 

585 

626 
608 

485 

449 
422 
458 

437 

418 

505 
545 
648 
765 
795 

701 
680 
513 
460 
460 

425 

300 

zn 

361 
401 

457 
441 
425 
401 
804 

874 
352 
307 
280 
235 

213 
193 
170 
150 
135 

196 
128 
113 
111 
138 
161 

188 
388 

2n 

962 
2,170 

2,600 

1,800 

1,140 

688 

450 

1,200 

1,800 

1,300 

990 

648 

461 
343 
274 
210 
172 

156 
145 
145 
143 
139 

145 
174 
173 
165 
154 
246 

331 
325 
280 
251 
316 

186 
818 
585 
567 
425 

384 
364 

331 
303 
340 

358 
340 
300 
371 
382 

565 
565 
485 

390 
328 

282 
254 
874 
489 
4f61 

820 

1,010 

1,000 

770 

608 

485 

3QB 

2 

271 

8 

254 

4 

277 

6 

277 

6 

371 

7 

337 
565 

537 
404 

331 
282 
303 
497 
506 

380 
300 

254 
313 
176 

156 
139 
122 
111 
101 

94 
85 
79 
76 
73 
72 

285 

8 

200 

9 

248 

10 

228 

11 

208 

18 

190 

m 

14 

170 

161 

ISO 

17 

141 

139 

19 

133 

128 

31 

•  • •% •  •  » 

183 
181 
818 
843 
300 

343 
837 
331 
328 
822 

124 

82 

116 

111 

24 

103 

96 

lao 

37 

141 

28 

621 

29 

541 

30 

423 

31 

388 

NoTE.^Disciharge  for  following  periods  estimated,  because  of  nnaatisftictory  operation  of  ^ 
recorder,  ftom  maximmn  and  minimum  stages  indicated  !)▼  recorder  and  by  oamparisQii  with  h| 
and  records  of  flow  for  other  stations:  Jan.  1-6,  450  seoond-feet:  Apr.  13,  June  ^\i,  and  Aug.  lO-LS,  as  given 
in  table;  Oct.  7-31, 560  seoond-lieet;  Nov.  1-20,  500  seoand-feet. 

Monthly  discharge  of  Swan  Lake  outlet  at  Carroll  Inlet  for  19tO, 


Month. 


January.. 
February. 

March 

April 

May 

June 

July 


Discharge  in  second-fe^ 


Maxi- 
mum. 


644 
158 
790 
765 
902 
701 


Mini- 
mum. 


72 

66 

72 

63 

291 

422 

111 


Mean. 


287 
223 
99.5 
211 
404 
500 
323 


Run-ofI 
in  acre- 
feet. 


17,600 
12,800 
6,120 
12,600 
24,800 
35,100 
19,900 


Month. 


August 

September. 
October. . . 
November. 
December. 


The  year. 


Discharge  in  seoond-f  jet. 


Maxip 

mum. 


2,600 
585 


621 


2,600 


Mini- 
mum. 


180 
186 


96 


68 


Mean. 


640 
362 
597 
486 
32/ 


366 


Run-off 

in  acre* 

feet. 


39,400 
21,500 
36,700 
35,300 
14,000 


866,000 


ORCHARD  LAKE  01TTLBT  AT  SHRIMP  BAY.  RSVILUkOXOXDO  ni.AVD. 

Location.— In  latitude  55°  5(KN.,  longitude  131°  27' W.,  at  outlet  of  Orchard  Lake 
one-third  mile  from  tidewater  at  head  of  Shrimp  Bay,  an  arm  of  Behm  canal,  46 
miles  by  water  from  Ketchikan. 

Drainaoe  area. — Not  measured. 

Records  available.— May  28,  1915,  to  December  31,  1920. 

Gage. — Stevens  continuous  water-stage  recorder  on  right  bank  300  feet  below  Or- 
chard Lake  and  100  feet  above  site  of  timber-crib  dam,  which  was  built  in  1914 
for  proposed  pulp  mill  and  washed  out  by  high  water  August  10,  1915.  Datum 
of  gage  lowered  2  feet  September  15,  1915.    Gage  heights  May  29  to  August  10 
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referred  to  first  datum;  August  11,  1915,  to  August  17,  1916,  to  seoond  datum. 
Datum  of  gage  lowered  1  foot  August  17, 1916.  Gage  heights  August  18  to  Decem- 
ber 31,  1916,  referred  to  this  datum.  Gage  washed  out  probably  during  high 
water  on  November  1,  1917.  New  gage  installed  on  April  28,  1918,  at  old  site 
at  the  datum  of  August  17,  1916. 

Discharge  measurements. — ^At  medium  and  hi^  stages  made  from  cable  5  feet 
upstream  from  gage;  at  low  stages  by  wading  one-fourth  mile  below  gage. 

Channel  and  control. — ^From  Orchard  Lake,  at  elevation  134  feet  above  high  tide, 
the  stream  descends  in  a  series  of  rapids  for  1,000  feet  through  a  narrow  gorge,  then 
divides  into  two  channels  and  enters  the  bay  in  two  cascades  of  100-foot  vertical 
fall.  Opposite  the  gage  the  water  is  deep  and  the  current  sluggish.  At  the  site 
of  the  old  dam  bedrock  is  exposed,  but  for  30  feet  upstream  the  channel  is  filled 
in  with  loose  rock  and  brush  placed  dtiring  construction  of  dam.  This  material 
forms  a  riffle,  which  acts  as  a  control  for  water  surface  at  gage  at  low  and  medium 
stages  and  is  scoured  down  when  ice  goes  out  of  lake;  the  rock  outcrop  at  site  of 
old  dam  acts  as  a  control  at  high  stages  and  is  permanent. 

Extremes  of  discharge.— Maximum  stage  recorded  during  3rear,  8.0  feet  at  2  p.  m. 
August  6  (discharge  4,780  second-feet);  minimum  stage,  0.31  foot  March  9  (dis- 
charge, 67  second-feet). 

1915-1920:  Maximum  stage  probably  occurred  on  November  1, 1917  (discharge 
estimated  by  multiplying  maTimiim  discharge  at  Fish  Creek  on  that  date  by  1.55, 
which  is  the  ratio  between  the  maxim nm  dischaiges  of  Orchard  Lake  outlet  and 
Fish  Greek  on  October  15  and  16,  1915,  7,100  second-feet);  minimum  dischazge, 
estimated,  20  second-feet,  February  11, 1916. 

Ice. — Stage-discharge  relation  not  affected  by  ice. 

AocuRACT. — Stage-discharge  relation  changes  occasionally  during  high  water.  Rating 
curve,  determined  by  seven  discharge  measurements  made  since  new  gage  was 
installed,  point  of  zero  flow,  and  form  of  upper  portion  of  old  rating  curve,  is  well 
defined  below  4,000  second-feet.  Operation  of  water-stage  recorder  satisfactory  ex- 
cept for  periods  indicated  in  footnote  to  daily-discharge  table.  Daily  discharge 
ascertained  by  applying  to  rating  table  mean  daily  gage  heights  determined  by 
inspecting  gage-height  graph,  or,  for  days  of  considerable  fluctuation,  by  aver- 
aging dischaiges  obtained  by  applying  to  rating  table  mean  gage  heights  for  reg- 
ular intervals  of  day.  Records  good,  except  for  period  of  break  in  record,  for 
whidi  they  are  hii. 

The  highest  mountains  on  this  drainage  basin  are  only  3,500  feet  above  sea  level 
and  are  covered  to  an  elevation  of  2 J500  feet  by  a  heavy  stand  of  timber  and  a  thick 
undeigrowth  of  l>rush,  ferns,  alders,  and  devil's  club.  The  topography  is  not  so 
rugged  as  that  of  the  area  surrotmding  Shelocktmi  Lake,  and  the  proportion  of  vege- 
tation, soil  cover,  and  lake  area  is  greater,  so  that  more  water  is  stoied  in  the  Orchioxi 
Lake  drainage  basin  and  the  flow  is  better  sustained. 

A  survey  of  Orchard  Lake  was  made  by  an  engineering  company  in  September, 
1920.  From  this  survey  the  area  of  the  lake  was  determined  as  965  acres  and  the  ele- 
vation of  lake  above  high  tide  as  128  feet.  A  dam  at  the  outlet  of  the  lake  would 
flood  part  of  the  valley,  at  the  head  of  the  lake»  which  extends  upstream  a  few  miles 
at  a  small  gradient 
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Diadiarge  metuuremenU  of  Ordiord  Lake  outlet  at  Shrimp  Bag  during  19t0» 

[Mftdeby  Q.  H.  CanikUd.] 


Date. 


Feb.  16. 
Dec.  8.. 


Qan 
bei^ht. 


0.72 
1.48 


Dto- 
cbaiffB. 


B€C-{L 


Daily  ducharge^  in  Hoond-feet  of  Orchard  Lake  outlet  at  Shrimp  Bay ,  for  I9t0. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

An^. 

Sept. 

Dee. 

1 

399 
422 
TOO 
614 
362 

270 
304 
806 
616 
430 

820 
252 
335 
640 
533 

387 
288 
218 

176 

85 

81 
79 

74 
75 

75 
72 
68 
67 

680 
640 
624 

560 
572 

870 
1,060 
906 
700 
572 

402 
485 
485 

467 
510 

680 
700 
740 
740 
612 

507 
481 
500 
588 

640 

640 
660 
640 
680 
920 
1,000 

1,080 
1,250 
1,430 
1,460 
1,400 

1,220 

1,080 

906 

855 

808 

740 
740 
740 
785 
855 

785 
808 

930 
720 
612 

596 
680 
680 
640 
640 

785 

855 

980 

1,110 

1,160 

1,(B0 
880 
740 
708 
724 

762 
808 
808 
785 
785 

7e2 
700 
660 
020 
592 

572 
511 
460 
487 
326 

297 
270 
232 
212 
190 

190 
190 
184 
186 
192 
280 

314 

447 

500 

1,210 

3,290 

4,500 

2,900 

1,370 

785 

522 

1,240 
2,410 
2,100 
1,160 
700 

474 
350 
272 
225 
196 

176 
209 
314 
297 
247 

267 
350 
820 
283 
218 
280 

400 
410 
868 
388 
280 

242 
242 
680 
762 
560 

460 
390 
308 
275 
332 

882 
338 
280 
280 
384 

600 
540 
407 
286 
230 

190 
170 
840 
660 
500 

390 

2 

27S 

8 

300 

4 

300 

5 

290 

6 

285 

7 

290 

8 

275 

9 

235 

10 

190 

11 

168 

12 

140 

18 

134 

14 

130 

15 

120 

16 

119 
166 
275 
286 
254 

199 
168 
141 
119 
109 

100 
93 
89 

87 

109 

17 

106 

18 

119 

19 

134 

20 

138 

21 

136 

22 

12S 

23 

110 

24 

267 
329 

965 

1,280 

1,160 

980 

785 

102 

25 

93 

106 

27 

810 

1,000 
600 

29 

457 

81 

433 

Note.— Discbarge  estimated  for  following  periods,  because  water-stage  recorder  was  run  down  or  not 
operating  aatJsfcctorilv:  Jan.  21-31. 106  seooiid'feet:  Feb.  1-15, 350  second-feet;  Mar.  10^1, 100  second-feet; 
Apr.  1-&.  160  second-feet.  Discnarge  for  fbllowmg  periods  estimated  from  maximum  and  mfaiiwmin 
snges  indicated  by  recorder  and  comparison  with  hydrographs  for  streams  in  near-by  drainage  basins  and 
cUmatio  data  for  Ketchikan:  May  27-28.  June  18-22,  and  Sept.  36-30,  daily  discharge  as  shown  in  table; 
Oct.  1-31,  630  second-feet;  Nov.  1-30,  520  second-feet;  Dec.  1-8  by  comparison  with  record  of  flow  for  the 
outlet  of  Shelockum  Lake. 

Monthly  discharge  of  Orchard  Lake  outlet  at  Shrimp  Bay^  for  19iO. 


Month. 


January.. 
February. 
March.... 

April 

May 

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,280 
1,060 
1,460 
1,030 


Mini- 
mum. 


87 


467 
596 
184 


Mean. 


299 

257 
92.8 
815 
656 

908 
520 


Run-off 
In  acre- 
feet. 


18,400 
14,800 
5,710 
18,700 
40,300 
54,000 
32,000 


Month. 


August 

September. 
October... 
November, 
December. 


The  year. 


Discharge  in  second-feet 


Maxi- 
mum. 


4,560 
762 


1,000 


4,560 


Mini- 
mum. 


176 
170 


02 


Mean. 


904 


630 
520 
261 


480 


Run-off 

lnacf»> 

feet. 


55,600 
23,000 
38,700 
30,900 
16,000 


348,000 
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SHSLOOSra  LASB  OVTLBT  AT  BAILBT  BAT. 

Location.— In  latitude  56**  0(/  N.,  longitude  131°  36'  W.,  on  mainland  near  outlet  of 
Shelockum  Lake,  three-fourths  mile  by  Forest  Service  trail  from  tidewater  at 
north  end  of  Bailey  Bay  and  52  miles  by  water  north  of  Ketchikan. 

Drainage  area. — 18  square  miles  (measured  on  sheets  Nos.  5  and  8  of  the  Alaska 
Boundary  Tribunal,  edition  of  1895). 

Records  avahablb.— June  1, 1915,  to  December  31, 1920. 

Gage. — Stevens  continuous  water-stage  recorder  on  right  shore  of  lake,  250  feet  above 
outlet. 

Discharge  measurements. — ^Made  from  cable  across  outlet  of  lake,  200  feet  below 
gage  and  50  feet  upstream  from  crest  of  foils. 

Channel  and  control. — Opposite  the  gage  the  lake  is  600  feet  wide;  at  the  outlet 
bedrock  is  exposed  and  the  water  makes  a  nearly  perpendicular  fall  of  150  feet. 
This  foil  forms  an  excellent  and  permanent  control  for  the  gage.  At  extremely 
high  stages  the  lake  has  another  outlet  about  200  feet  to  left  of  main  outlet. 
Point  of  zero  flow  is  at  gage  height  0.6  foot. 

Extremes  of  discharge. — ^Maximum  stage  recorded  during  year,  6.65  feet,  at  9  a.  m. 
August  6  (dischaige,  2,580  second-feet);  minimiiTin  discharge  (estimated  from 
hydiograph  for  Fieh  Creek  to  have  occurred  March  9),  15  second-feet. 

1915-1920:  Maximum  stage,  6.84  feet  at  8  a.  m.  November  1,  1917  (discharge, 
2,780  second-feet);  minimum  discharge,  estimated  from  climatic  records,  2.5 
second-feet. 

Ice. — Stage-discharge  relation  not  affected  by  ice. 

AcxniRACT. — Stage-dischaige.  relation  permanent.  Rating  curve  well  defined. 
Operation  of  water-stage  recorder  satisfoctory  except  for  periods  of  break  in  record, 
as  shown  in  footnote  to  daily-discharge  table.  Daily  discharge  ascertained  by 
applying  to  rating  table  mean  daily  gage  heights  determined  by  inspection  of 
gage-height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging  discharges 
obtained  by  applying  to  rating  table  mean  gage  heights  for  regular  intervals  of 
day.  Records  excellent,  except  for  periods  of  break  in  record,  for  which  they  are 
foir. 

An  outline  survey  of  Shelockum  Lake  was  made  in  1914  by  the  United  States  Forest 
Service,  and  blue-print  copies  of  the  survey  can  be  obtained  from  their  district  office  at 
Ketchikan.  This  survey  ascertained  the  lake  to  be  344  feet  above  high  tide  and  350 
acres  in  area.  The  drainage  basin  above  the  lake  is  rough,  precipitous,  and  covered 
with  little  soil  or  vegetation.  There  are  no  glaciers  or  ice  fields  at  the  source  of  the 
tributary  streams.  Therefore,  because  of  little  natural  storage,  the  run-off  after  a 
heavy  rainfall  is  rapid  and  not  well  sustained,  and  during  a  dry  summer  or  winter  the 
flow  becomes  very  low.  The  large  amount  of  snow  that  accumulates  on  the  drainage 
basin  during  the  winter  maintains  a  good  flow  in  May  and  June. 

No  discharge  measurements  were  mado  at  this  station  during  tlie  year. 
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DaUff  dMutrge,  in  9eoondf(Bei^  ttf  Skdodtwn  Lake  mUUi  ai  BmU^  Bay  for  19*0. 


Day. 


Jan. 


Apr. 


1. 
S. 
3. 
i. 
5. 

0. 

7. 

8. 

9. 

10. 

U. 

12. 
13. 
14. 
15. 

16. 
17. 

18. 
19. 

ao. 

21. 
22. 
23. 
21. 

25. 

26. 
27. 
28. 
29. 

30. 
81. 


106 
134 


170 
127 

111 
164 
316 
2S3 
190 

UO 
123 
134 


207 

206 

158 

121 

92 

76 

56 
53 
48 
43 
40 

38 
35 
33 
81 
30 
28 


ICay. 


230 
22« 


216 


230 
2» 
210 
174 
154 

147 
196 
2M 
194 


331 


85 
123 

342 

422 
378 
311 
263 


336 
306 

241 

300 

192 
210 
241 
273 

270 
268 
245 
280 
378 
455 


Jane. 


472 
535 
600 

600 


508 
438 

406 

377 
377 

358 

377 
360 
363 


302 


July. 


422 
S36 

9B2 
287 


407 
407 
407 


Aug, 


273 
321 


850 
318 


472 
363  ■ 
311  i 


834 
336 
207 
292 


363 
490 
680 
643 


275 
252 
220 
190 
164 

140 
136 
120 

no 

98 

98 
96 
98 

94 
115 
280 


748 
1,640 

2,300 
950 
392 
2n 
168 

736 
1,250 


214 

145 
112 

84 

n 

60 

71 
123 
145 
123 

98 

154 


2U 

170 

210 


Sept.     Oct. 


363 

304 
233 
214 
168 

128 
150 
525 


241 

183 

160 
128 
112 
117 

101 

94 

91 

115 

141 

252 

235 

174 

127 

94 

80 

72 

143 

265 

212 


314 


Not. 


1, 


761 


343 

173 

125 
02 

72 


535 

324 
210 
210 
239 
210 

156 

120 

94 

78 
170 

275 
263 
270 
276 

268 

230 
378 
363 
252 
186 
275 


350 
241 

164 

123 

97 

78 

67 

58 

SO 

a 

38 
34 

31 
30 
20 
31 
50 


100 

98 

109 

123 

153 
132 
127 
136 
117 


Dec 


94 

76 
83 
83 
80 

76 
76 
75 
60 
50 

55 
50 
S3 
55 
53 

47 
43 
43 
44 
44 

43 
41 
37 
35 
31 

33 
194 


368 
184 
145 


NoTB.— Raooid  traced  by  reeordlncpencll  Jan.  22.  23,  25-27,  30.and  31,  too  faint  to  be  seen;  dlacharfe 
eatimated.  No  record  Feb.  1  to  Apr.  23,  except  maTfinnTn  stage;  oiKbarge  estimated  from  records  of  flov 
for  streams  in  nearly  drainage  batina:  Feb.  1-28, 66  seoond-feet;  liar.  1-81, 30  second-feet;  Apr.  1-23,  40 
Moond-feet. 


Monthly  discharge  of  Shelockum  Lake  outlet  at  Bailey  Bay  for  19i0. 


Month. 


January.. 
Febnuiry. 
March.... 

April 

May 

Jane 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


316 


422 
455 
600 
423 


Mini- 
mum. 


28 


147 

287 

92 


Mean. 


125 

65 

30 

94.8 
245 
416 
251 


Run-off 
in  acre- 
feet. 


7,600 

3,740 

1,840 

5,640 

15,100 

34,800 

15,400 


Month. 


August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet 


Maxi- 
mum. 


2,300 
525 
625 

1,320 
392 


2,300 


Mini- 
mum. 


60 
72 
72 
29 
31 


Mean. 


411 
187 
234 
182 
85.7 


194 


Ron-ofl 
in  acre- 
feet. 


25,300 
11,100 
14,400 
10,800 
5,270 


141,000 


OASOADX  OBXXK  AT  THOMAS  BAY,  MXAR  PSTXESBXTBa. 

Location. — One-fourth  mile  above  tidewater  on  east  Bhore  of  south  arm  of  ThomBs 
Bay,  22  miles  by  water  from  Petersburg.  One  small  tributary  enten  the  river 
from  the  left  half  a  mile  above  gage  and  2  miles  below  outlet  of  lake. 

Drainaob  area.— 21.4  square  miles  (measured  on  the  United  States  Greological 
Survey  geologic  reconnaissance  map  of  the  Wrangell  mining  district,  edition  of 
1907). 

RscoRDS  AVAILABLE. — Octobor  27,  1917,  to  December  31,  1920. 
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Gaoe. — Stevens  water-stage  recorder  on  left  bank,  one-fourth  mile  from  tidewater; 
reached  by  trail  whidi  leaves  beach  back  of  old  cabin  at  mouth  of  creek. 

Discharge  measurements. — ^At  medium  and  high  stages,  made  from  log  footbridge 
acrosB  stream  one-fourth  mile  upstream  from  gage;  at  low  stages,  made  by  wading 

Channel  and  control. — Gage  is  in  a  protected  eddy  above  a  natural  rock  weir, 
which  forms  a  well-defined  and  permanent  control.  The  bed  of  river  under  the 
footbridge  is  roug^  and  the  current  swift  and  irregular,  but  this  section  is  the 
only  place  on  the  whole  river  where  even  at  low  and  medium  stages  there  are 
no  b<^  and  eddies. 

Extremes  of  stage.— Maximum  stage  reonded  during  period  of  records,  8.4  feet 
at  6  a.  m.  August  6,  1920  (discharge  computed  from  extension  of  rating  curve, 
2,540  second-feet);  minimum  stage,  0.80  foot  about  April  6,  1918  (dischaige,  17 
second-feet). 

Ice. — Stage-discharge  relation  not  affected  by  ice. 

AccuRACT. — Stage-discharge  relation  permanent.  Rating  curve  well  defined  below 
1,200  second-feet.  Operation  of  water-stage  recorder  satisfactory  except  for 
periods  indicated  in  footnote  to  daily-disdiarge  table.  Daily  discharge  ascer- 
tained by  applying  to  rating  table  mean  daOy  gage  heights  determined  by  inspect- 
ing gage-height  graph,  or,  for  days  of  considerable  fluctuation,  by  averaging 
discharge  for  equal  intervals  of  day.  Records  good,  except  for  periods  when 
recorder  did  not  operate  satisfactorily,  for  which  they  are  fair. 

The  first  site  on  this  stream  for  a  storage  reservoir  is  at  a  small  lake  3  miles  from 
tidewater,  at  an  elevation  of  1,200  feet  above  sea  level.  The  drainage  area  above  the 
gaging  station  is  21  square  miles  and  above  the  outlet  of  the  lake  17  square  miles. 
Flow  during  summer  is  augmented  by  melting  ice  from  glaciers  on  upper  part  of 
drainage  area. 

The  only  maps  available,  showing  the  drainage  basin  of  this  stream,  are  sheet  10 
(scale,  1: 160,000)  of  the  Alaska  Boundary  Tribunal,  edition  of  1895;  topographic 
map  of  the  Wrangell  mining  district  (scale,  1:  250,000)  of  the  United  States  Geological 
Survey,  edition  of  1907  (topography  compiled  from  sheets  of  the  Alaska  Boundary 
Tribunal).  A  rough  mi^,  made  for  J.  T.  Martin  who  has  mining  claims  near  the 
mouth  of  the  stream,  shows  a  very  small  lake,  1.7  miles  upstream  from  beach  at  an 
elevation  of  1,250  feet;  a  small  flat,  2.1  miles  upstream  from  beach,  at  an  elevation 
of  1,600  feet;  and  a  lake  (not  surveyed  but  estimated  to  be  2  miles  long  by  three- 
fourths  mile  wide)  2.5  miles  upstream  from  beach,  at  an  elevation  of  1,950  feet. 

The  first  lake  and  the  fiat  are  too  small  for  storage  reservoirs.  A  storage  reservoir 
having  a  capacity  sufi&dent  to  equalize  the  flow  could  probably  be  created  by  a 
tunnel  or  dam  at  the  outlet  of  the  large  lake.  The  drainage  area  between  the  outlet 
of  this  lake  and  the  gaging  station  is  4.5  square  miles. 

No  discharge  measurements  were  made  at  this  station  during  the  year. 
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DaUy  dtKharge^  in  Hcond'/eei,  of  Ccucade  Creeh  at  Thonuu  Bay  Jar  19t0. 


Dfty. 


1. 
a. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 

ao. 


24. 
25. 


27, 
28. 
29. 
30. 
31. 


Jan. 


70 
99 

131 

107 

99 

86 

lao 

192 

134 
117 

103 
88 
93 

109 
90 

77 
67 


Feb. 


Iter. 


25 

25 
25 
25 
25 
25 
25 


Apr. 

lUy. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

24 

48 

365 

640 

518 

380 

160 

1 
455 

25 

68 

440 

552 

500 

395 

153 

682 

24 

55 

518 

470 

470 

500 

144 

425 

24 

48 

570 

485 

775 

570 

129 

292 

24 

48 

600 

635 

1,720 

585 

119 

210 

24 

68 

600 

570 

2,460 

440 

144 

192 

24 

51 

550 

622 

1,370 

305 

124 

153 

24 

48 

530 

675 

870 

210 

119 

120 

24 

48 

500 

675 

670 

160 

200 

114 

23 

49 

470 

675 

425 

150 

160 

104 

25 

57 

450 

675 

1,160 

150 

134 

92 

89 

76 

420 

675 

1,810 

119 

119 

T9 

31 

66 

895 

623 

1,370 

111 

129 

70 

27 

65 

404 

605 

932 

100 

124 

65 

26 

86 

455 

623 

622 

111 

111 

62 

26 

113 

440 

675 

440 

250 

94 

56 

25 

112 

425 

658 

342 

455 

81 

53 

27 

119 

425 

605 

280 

368 

70 

52 

26 

108 

855 

570 

260 

368 

72 

50 

26 

100 

305 

535 

280 

500 

122 

55 

28 

95 

280 

500 

895 

470 

119 

70 

29 

09 

318 

470 

410 

380 

114 

54 

29 

105 

202 

425 

342 

342 

906 

53 

82 

112 

2S0 

368 

250 

355 

153 

53 

80 

114 

280 

855 

220 

440 

127 

54 

86 

121 

318 

395 

440 

588 

167 

48 

68 

136 

395 

440 

535 

470 

355 

45 

56 

153 

518 

440 

410 

318 

260 

48 

00 

192 

675 

47Q 

208 

230 

192 

47 

48 

250 

710 

470 

230 

183 

318 

42 

305 

552 

270 

368 

Dee. 


40 
36 
38 
87 
37 


3S 

33 
32 
31 

30 
29 

38 
27 


36 


29 

27 


as 

26 
21 

30 
114 
5S 
46 
44 
31 


Note.— Discharge  estimated  for  following  periods,  because  of  unsatisfactory  operation  of  water-stan 
recorder,  by  comparison  with  hydrocraph  and  record  of  flow  for  Sweetheart  Falls  Creek:  Jan.  1, 70  seoooa- 
feet;  Jan«  18-31, 45  Moond-feet;  Fen.  1-28,  60  8eoond4eet;  Mar.  1-84, 35  seoood-feet;  and  June  5-1^  as 
shown  in  table. 

Monthly  diadtarge  of  Cateade  Creek  at  Thomas  Bay  for  19f0. 


Month. 


January.. 
February. 
March.... 
April 

m 

June 

July 


Discharge  in  seoond-feet 


Maxi- 
mum. 


192 


Mini- 
mum. 


86 
305 
710 
675 


23 

48 

250 

355 


Mean. 


n.9 

60 

32.7 

34.1 

98L4 

441 

649 


Ron-oir 
in  acre- 
feet. 


4,790 
3,450 
2,010 
2,030 
6,110 
26,200 
33,800 


Month. 


August.... 
September 
October... 
November. 
December. 

The  year 


Discharge  in  second»feet. 


Maxi- 
mum. 


2,460 
588 

368 
622 
114 


2,460 


Mini- 
mum. 


23 


Mean. 


220 

676 

100 

332 

70 

158 

42 

128 

24 

348 

219 


Run«off 

in  acre* 

feet. 


41,600 

19,800 

9,720 

7,620 

2,140 


159,000 


WATEB-POWSB  INVESTIGATIONS  IN  SOUTHEASTERN  ALASKA.      93 
QBBBH  LAKE  OVTLET  AT  SILVSE  BAT,  XSAE  S^KA. 

Location. — In  latitude  56^  59^  N.,  longitude  135^  y  W.,  at  outlet  of  Green  Lake, 
head  of  Silver  Bay,  10}  miles  by  water  south  of  Sitka. 

Drain AOB  area. — Not  measured. 

Records  available. — August  22, 1915,  to  December  31, 1920. 

Gaoe. — Stevens  water-stage  recorder  on  right  bank,  at  outlet  of  lake,  reached  by  trail 
which  leaves  the  beach  one-fourth  mile  north  of  month  of  stream,  ascends  a 
600-foot  ridge,  and  then  drops  down  to  the  outlet  of  the  lake.  Gage  datum  low- 
ered 1  foot  December  27, 1916. 

Discharge  measurements. — ^Made  from  cable  across  outlet  30  feet  below  gage. 

Channel  and  control. — From  Green  I^ake,  240  feet  above  sea  level  and  1,800  feet 
from  tidewater,  the  stream  descends  in  a  series  of  falls  and  rapids  through  a  narrow 
canyon  whose  exposed  rock  walls  rise  vertically  more  than  100  feet. 

Extremes  of  discharge. — ^Maximum  stage  recorded  during  year,  10.0,  feet,  at  11 
a.  m.  August  5  (discharge,  computed  from  extension  of  rating  curve,  1,900  second- 
feet);  minimum  stage  recorded,  —0.05  foot,  estimated  from  hydrographs  for  other 
stations  to  have  occurred  April  10  (discharge,  10  second-feet). 

1915-1920:  Maximum  stage  recorded,  13.0  feet,  September  26,  1918  (discharge, 
estimated  from  extension  of  rating  curve,  3,300  second-feet);  minimum  stage 
recorded,  —0.05  foot,  estimated  from  hydrographs  for  other  stations  to  have  oc- 
curred April  10,  1920  (discharge,  10  second -feet). 

Ice. — Ice  forms  on  lake  and  at  gage,  but  because  of  current  and  flow  of  relatively 
warm  weather  from  the  lake  the  control  remains  open. 

Accuracy. — Stage-discharge  relation  permanent.  Rating  cxxrve  well  defined  between 
10  and  1,300  second-feet.  Operation  of  water-stage  recorder  satisfactory  except 
for  periods  indicated  by  breaks  in  record,  as  shown  in  the  footnote  to  the  daily- 
dischaige  table.  Daily  discharge  ascertained  by  applying  to  the  rating  table 
mean  daily  gage  height,  determined  by  inspecting  gage-height  graph,  or,  for 
days  of  considerable  fluctuation,  by  averaging  results  obtained  by  applying  to 
rating  table  gage  heights  for  r^^ular  intervals  of  day.  Records  good,  except 
those  for  periods  when  gage  was  not  operating  satisfactorily,  which  are  fair. 

No  maps  have  been  made  of  the  drainage  basin.  The  elevation  of  Green  Lake 
above  high  tide,  meaerured  by  aneroid  barometer,  is  240  feet;  the  area  of  the  lake  is 
175  acres,  according  to  the  best  available  estimates.  At  the  upper  end  of  lake  is  a 
low  flat,  reported  to  be  2  or  3  miles  long,  which  would  be  flooded  by  a  dam  at  outlet 
of  lake. 

The  following  discharge  measiu^ement  was  made  by  G.  H.  Canfield: 
June  18,  1920:  Gage  height,  4.36  feet;  discharge,  466  second-feet. 
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Daiiy  diMth&rgt,  tn  teetmd-feel,  of  Ortm  Lake  outlet  at  SUver  Baf,  for  19t0. 


Dsy. 

Jan. 

■ 

!  FiBb. 

1 

Mar, 

Apr. 

Itojr. 

June. 

Joly. 

Ang, 

Oct 

Kor. 

D9C 

1 

38 

80 
36 
30 
20 

30 
36 
36 

40 
43 
40 
36 

30 

30 
33 

28 
36 
30 

18 
16 
16 
16 
16 

16 
33 
40 
38 
30 
20 

16 
14 
12 
16 

406 
409 

696 
880 
706 

518 
442 
480 
528 
461 

397 
406 
388 
424 

518 

461 
483 

461 

397 
828 

294 
461 
499 

371 
328 

433 
499 

1S37 
547 
568 

547 
452 
897 
397 
424 

« 

461 
547 
588 
568 

537 

618 
557 
518 
490 
499 

4A1 
434 
406 
406 

415 

406 

871 
330 
270 
270 

330 
354 
415 
499 
490 
480 

452 
443 

897 

470 

1,640 

1,230 
673 
443 
830 
328 

706 
599 
673 
518 
354 

270 
310 
210 
200 
215 

260 
294 

240 
200 
337 
270 
188 

303 
434 
286 
194 
885 
620 

890 
1»480 
751 
880 
330 

n4 

461 
278 
200 
161 

134 

116 

106 

03 

86 

76 
75 
71 
72 
82 

90 
80 
80 
90 
80 

70 

65 

175 

200 

140 

100 

3 

90 

8 

^              1 

90 

4 

•••••-•1««*..*« 

90 

5 

1 

80 

6 

212 

1,500 

1,350 

464 

354 

306 
147 
118 
118 
107 

90 
72 
60 
54 
53 

48 
46 

73 
60 
54 

49 

48 
44 
43 
40 

73 

7 

70 

8 

66 

9 

60 

10 

53 

11 

SO 

13 

50 

13 

50 

14 

Si 

15 : 

40 

16 

808 

247 
206 

166 
134 

118 
114 
122 
136 
161 

308 
363 
362 
328 
380 
371 

40 

17 

40 

18 

40 

19 

35 

30 

35 

21 

30 

22 

30 

23 

30 

34 

25 

35 

25 

36 

50 

150 

38::::::::;::::::::::::i::::::: 

375 

213 

80 

134 

lis 

Non.— Diacfatfm  for  foQowizig  periods  when  water^stage  reoorder  was  run  down  or  not  operatiiicsati»- 
factorily  estbnatea  by  oomparison  with  hydrographs  of  streams  in  near-by  drainage  basins  and  cumatie 
data  for  Juneau:  Jan.  1-5,  »>  seoood-feet;  Jan.  33-31, 38  seoond-feet;  Apr.  5-80. 45  seoond-feet;  May  1-15, 
115  seoond-feet.  Diflcharga  for  foUowing  periods  estimated  by  oomparison  with  record  of  flow  for  Sweet- 
heart FaUs  Creek  near  Snettisham:  Aug.  18-21,  daOy  discharge;  Aug.  33-31,  280  seoond-feet;  Qtpt.  1-30 
330 seoond-feet;  Oet.  1-30, 240 seoond-feet;  Nov. 31-30, Dec  1-5, and7-28, dally dlachai«e. 

Monthly  dikharge  of  Green  Lake  oxiUet  at  Silver  Bay  for  19t0, 


Month. 


January.. 
February. 
March.... 
Ai 


June. 
July. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,500 


42 


380 
889 
588 


Mini- 
mum. 


16 


294 
270 


Mean. 


217 
82.9 
27.0 
40.9 

172 

479 

445 


Run-off 
in  acre- 
feet. 


13,300 

4,770 

1,060 

2,430 

10,600 

28,500 

27,400 


Month. 


August .... 
September. 
October... 
November. 
December. 


The  year. 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


1,640 


885 

1,480 
275 


1,640 


Mhil- 
mum. 


188 
65 
25 


Mean. 


437 
330 
282 
254 
73.6 


237 


Run-off 

inacn- 

feeC. 


36,900 
19,600 
17,300 
15,100 
4,530 


172,000 


BABAVOr  LAKE  OVTLXT  AT  BABAVOr,  BABABOr  ZSUaO). 

Location.— In  latitude  57**  5'  N.,  longitude  134®  64'  W.,  at  townsite  of  Baranof,  at 
head  of  Wann  Spring  Bay,  east  coast  of  Baranof  Island,  18  miles  east  of  Sitka 
across  island,  but  96  miles  from  Sitka  by  water  through  Peril  Strait. 

Drain  AGE  area. — Not  measured. 

Records  available. — June  28, 1915,  to  December  31, 1920. 

Gage. — Stevens  water-stage  recorder  on  right  bank  700  feet  below  Baranof  Lake  and 
800  feet  above  tidewater  at  head  of  Warm  Spring  Bay. 
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DiscHAROB  MBASURBMBNTs.— At  medium  and  hig^  Btogee,  from  cable  acroos  stream 
100  feet  below  lake  and  600  feet  above  gage;  at  low  stages,  by  wading  100  feet 
below  cable. 

Channel  and  control. — ^From  Baranof,Lake,  at  elevation  130  feet  above  sea  level 
and  1,500  feet  from  tidewater,  the  stream  descends  in  a  series  of  rapids  and  small 
falls  and  enters  the  bay  in  a  cascade  of  about  lOO-foot  concentrated  fall.  The 
bed  is  of  glacial  drift,  boulders,  and  rock  outcrop.  The  gage  is  in  an  eddy  50 
feet  downstream  from  the  foot  of  a  small  fall  and  100  feet  upstream  from  a  riffle 
which  forms  a  well-defined  control. 

Extremes  of  discharge. — ^Maximum  stage  recorded  during  year,  4.3  feet  at  noon, 
November  2  (discharge,  2,000  second-feet);  minimum  dischai^,  estimated,  32 
second-feet,  April  14. 

1915-1920:  Maximum  stage  recorded  during  period,  5.3  feet  August  10,  1915 
(discharge,  computed  from  extension  of  rating  curve,  3,350  second-feet);  mini- 
mum discharge,  estimated  by  discharge  measurement  and  climatic  data,  28 
second-feet,  February  13, 1915. 

Ice. — ^Because  of  the  swift  current  and  flow  of  relatively  warm  water  from  the  lake,  * 
the  stream  remains  open  except  during  extremely  cold  periods. 

Diversions. — ^The  flume  to  Olsen's  sawmill  diverts  from  the  stream  200  feet  below 
gage  only  sufficient  water  to  operate  a  25-horsepower  Pelton  water  wheel. 

AccxTRACT.— Stage-discharge  relation  permanent;  slightly  affected  by  ice  Mardi  29 
to  April  19.  Rating  curve  well  defined  below  2,000  second-feet.  Operation  of 
water-stage  recorder  satisfactory  except  for  periods  indicated  in  footnote  to  daily- 
discharge  table.  Daily  discharge  ascertained  by  applying  to  rating  table  mean 
daily  gage  heights  determined  by  inspecting  gage-height  graph,  or,  for  days  of 
considerable  fluctuation,  by  averaging  discharge  for  equal  intervals  of  day. 
Records  good,  except  for  periods  when  recorder  did  not  operate  satisfactorily  and 
for  periods  when  water  was  frozen  in  well,  for  which  they  are  fair. 

The  drainage  area  is  rough  and  precipitous,  and  the  vegetable  and  soil  cover  is  thin, 
even  on  the  foothills  of  the  mountains.  The  run-off  is  rapid,  and  the  ground  storage 
is  small.  During  a  hot,  dry  period,  however,  the  flow  is  greatly  augmented  by  melt- 
ing ice  from  several  small  glaciers  and  ice-capped  mountains. 

The  drainage  basin  of  this  stream  has  not  been  surveyed,  but  Baranof  Lake  and 
the  region  between  lake  and  tidewater  at  head  of  Warm  Spring  Bay  was  surveyed 
and  map  drawn  in  1914  by  the  United  States  Forest  Service.  Blue-print  copies 
can  be  obtained  from  the  district  office  of  the  Forest  Service  at  Juneau,  Alaska.  The 
elevation  of  Baranof  Lake  above  high  tide  as  determined  by  the  survey  was  134  feet 
and  the  area  of  the  lake  700  acres. 

It  would  be  necessary  to  raise  the  elevation  of  the  lake  100  feet  in  order  to  create 
a  reservoir  having  a  capacity  of  90,000  acre-feet,  the  storage  required  to  equalize 
the  flow. 

No  discharge  measurements  were  made  at  this  station  during  the  year. 
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Daily  diichargt,  in  Hocmd-feetf  BaranofLake  outlet  at  Barano/ffor  19t0, 


Day. 

Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Ang. 

8«pC. 

Oct 

Nor. 

1 

52 
51 

48 
47 
43 

45 
45 
47 
40 
40 

40 
51 
56 
57 
54 

53 
52 
52 
51 
40 

• 

46 
44 
40 
30 
30 

36 
36 
36 
34 
34 
31 

33 

33 
33 
32 
34 

35 
37 
39 
40 
43 

43 
43 
43 
42 
42 

42 
47 
84 
90 

84 

82 
80 
83 

100 
114 

141 
167 
187 
195 
206 

206 

180 
210 
235 
220 

203 
195 
185 
181 
183 

203 
220 
238 
248 
291 

327 
339 
336 
809 

285 

261 
242 
342 
250 
315 

568 

568 
668 
615 
695 
605 

696 
755 
865 

1,010 
1,010 

800 
788 
820 
820 
725 

605 
668 
615 
640 
725 

605 
66R 
66R 
615 
545 

522 
640 
615 
545 
545 

615 
605 
820 
820 

855 

788 
696 
615 
640 
725 

788 
970 
1,010 
970 
980 

930 

1,060 

1,010 

980 

855 

830 
755 
605 
668 

668 

640 

500 
400 
500 

600 
650 
725 
850 
800 
750 

'    680 
660 
600 
668 

1,330 

1,380 
800 
696 
545 
480 

668 
726 
640 
600 
402 

430 
370 
352 
408 
460 

452 
420 
363 
321 
291 

362 
678 
615 
444 
392 
640 

890 
522 
615 
640 
500 

432 
800 
930 
640 
500 

600 

430 
460 
336 

270 

225 
191 
185 
230 
206 

in 

173 
169 
167 
155 

147 
137 
324 
1,100 
302 

668 

545 
436 
368 
303 

255 
208 
189 
348 
400 

334 

273 
367 
280 
225 

196 
171 
155 
141 
199 

264 
300 
366 

350 
270 

845 
488 

400 
330 
772 
930 

i,ao 

2 

8 

4 

5 

6 

7 

166 
140 
129 
118 

145 
137 
US 
106 
95 

103 
125 
129 
118 
102 

89 
80 
70 
64 
61 

59 
55 
53 
53 

8 

9 

10 

11 

300 
255 
218 
195 
169 

145 

125 

110 

06 

12 

13 

15 

16 

••••••" 

18 

20 » 

21 

22 

23 

25 

36 

28 

SO 

31 

NoTK,— Discharge  for  following  periods  estimated,  because  of  ice  effect  or  unsatisfactory  opention  of 
water-staKo  recorder,  by  comparison  with  hjrdrognpos  for  streams  in  near-by  drainage  basins  and  cUmatie 
dato  for  Juneau:  Jan.  1-10,  455  second-ftot;  Jan.  2(^-31,  70  seoood-feet;  Feb.  1-6,  90  second-feet;  and  liar. 
29  to  Apr.  9,  daily  discharge.  Daily  discharge,  July  &  to  Aug.  2,  estimated  by  comparison  with  reooni 
of  flow  for  outlet  of  Qreen  Lalce;  disdiarge  for  foUowine  periods  estimated  firom  records  fbr  Sweetheait 
Falls  Creek:  Sept.  12-20,  daily  discharge;  Nov.  3-30,  290  second-feet;  Dec.  1-31,  55  seaond-feet. 

Monthly  discharge  of  Baranof  Lake  outlet  at  Baranoffor  1920. 


Month. 


January.. 
February . 

March 

April 

May 

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


165 

57 

208 

605 

1,010 

1,050 


Mini- 
mum. 


53 

34 

32 

181 

522 

460 


Mean. 


226 
98.7 


45. 

75 
317 
719 
760 


Run-off 
in  acre- 
feet. 


13,900 

5,680 

2,810 

4,520 

19,500 

42.800 

46,700 


Month. 

Discharge  in  second-feet 

Run-ofl 

Maxi- 

miun. 

Mini- 
mum. 

Mean. 

inacr»> 
feet. 

August 

1,380 

1,100 

930 

1,940 

291 
137 
141 

581 
407 
346 
380 
55 

35,700 
24,200 
21,300 

September 

October 

Novctmber 

Decembtf 

^S2 
3,380 

The  year. . 

1,940 

32 

335 

243^000 

FALLS  CREEK  AT  IQCKEL,  HEAR  CHICHAOOF. 

Location. — One-eighth  mile  above  beach,  on  stream  that  enters  tidewater  half  a 
mile  northeast  of  camp  of  Alaska  Nickel  Mines  Co.,  20  miles  by  water  northwest 
of  Chichagof,  on  west  coast  of  Giichagof  Island. 

Drain AOE  area. — Not  measured. 

Records  available. — ^May  6,  1918,  to  June  13,  1920. 

Gaoe. — Stevens  water-stage  recorder  on  left  bank  one-eighth  mile  above  beach. 
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D18CHABOE  MSASUBBiCBNTS. — At  medium  and  higji  stages,  made  from  cable  across 
stream  500  feet  above  gage;  at  low  stages,  made  by  wading  in  channel  exposed  at 
beach  at  low  tide. 

Channel  and  control. — ^The  gage  is  20  feet  upstream  from  rectangular  weir,  the 
crest  of  which  is  2  feet  above  bed  of  stream,  2  inches  wide,  and  40  feet  long.  At 
the  cable  section  the  bed  is  smooth,  the  water  is  deep,  and  the  current  is  regular 
and  sluggish. 

ExTBBMES  OF  DiBCHABGB. — 1918-1920:  Maximum  stage  recorded  during  period,  3.45 
feet  at  3  p.  m.  September  26,  1918  (discharge,  665  second-feet);  minimum  stage 
recorded,  0.18  foot  March  12,  1919  (discharge,  3.2  second-feet). 

Ice. — Stage-discharge  relation  affected  by  ice  forming  on  crest  of  weir  for  short 
periods  during  extremely  cold  weather. 

Agcuract. — Stage-discharge  relation  changed  February  17,  1920,  when  the  river  was 
disturbed  by  ice,  the  average  elevation  of  crest  of  weir  being  raised  about  0.11 
foot.  Rating  curves  used  before  and  after  the  change  fairly  well  defined  between 
30  and  100  second-feet;  extended  beyond  those  limits  by  use  of  formula  the 
coefficient  for  which  was  based  on  results  of  current-meter  measurements.  Opera- 
tion of  water-stage  recorder  satisfactory  except  for  periods  shown  in  footnote 
to  daily-dischaige  table.  Daily  discharge  ascertained  by  applying  to  rating 
table  mean  daily  gage  height  obtained  by  inspection  of  gage-hei^t  ^ph  or 
for  days  of  considerable  variation  in  stage  by  averaging  discharge  for  intervals 
of  the  day.    Records  fair. 

Cooperation. — Station  maintained  in  cooperation  with  the  Alaska  Nickel  Mines  Co. 

The  following  discharge  measurement  was  made  by  G.  H.  Canfield: 
June  14,  1920:  Gage-height,  0.66  foot:  discharge,  45  second-feet. 

Daily  discbargt,  in  seeond-feetf  of  Ftdls  Creek  at  Nickel  for  the  period  May  6,  1918,  to 

June  IS,  1920. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1918. 
1 

115 
95 
83 

76 
76 

81 

90 

102 

104 

94 

96 
94 
85 
79 
76 

68 
62 
58 
64 

58 

56 
51 
60 
57 
63 

66 

68 

68 

115 

162 

106 
83 
71 
63 
66 

49 
46 
43 
41 
38 

57 
60 
50 
44 
40 

87 
35 
32 
80 
30 

28 
26 
25 
25 
24 

23 
35 
54 
39 
44 
57 

49 
44 

40 
37 
36 

42 
58 
50 
54 
42 

39 
37 
52 
100 
68 

68 
92 
72 
68 

72 

109 
137 
162 
217 
181 

128 
104 
150 
156 
360 
408 

215 

120 

62 

44 

39 

34 
31 
28 
79 
60 

50 
44 
41 
37 
50 

62 
174 
235 
156 
100 

72 
56 
94 
68 
166 

414 

271 

150 

96 

66 

52 
50 
70 
72 
61 

52 
58 
50 
56 

41 

39 
96 
85 

120 
86 

68 
86 
101 
75 
72 

65 
52 
40 
56 
52 

115 
86 
156 
134 
152 
137 

128 
88 
66 
85 

465 

358 

191 

115 

81 

62 

66 
86 
68 
62 
50 

49 
43 

35 
31 
47 

68 
79 
82 

236 

2 

179 

3 

115 

4 

85 

5 

74 

6 

120 
92 
85 
84 
85 

96 
101 
101 
100 

92 

86 
78 
79 
71 
62 

68 
62 
62 
62 
66 

70 
71 
203 
258 
197 
164 

101 

7 

62 

8 

51 

9 

47 

10 

41 

11 

37 

12 

34 

13 

30 

14 

31 

15 

20 

It 

58 

17 

68 

18 

60 

19 

52 

20 

43 

21 

143 

22 

137 

23 

166 

24 

117 

25 

130 

26 

115 

27 

82 

28 

62 

29 

54 

30 

46 

81 

41 

63963°—22- 
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DaU9  dUfkar^e,  in  aeeon^eei,  of  FaUt  Creek  «<  Nidbel/or  Ike  period  M09  €,  191S,  (0 

June  IS,  19iO--ContMnned. 


Day. 

Jan. 

1920. 

1 

227 

3 

221 

3 

143 

4 

89 

5 

117 

0 

258 

7 

570 

8 

342 

9 

175 

10 

130 

11 

78 

13 

58 

13 

56 

14 

50 

15 

40 

Feb. 


Mar. 


0 
148 
11:2 
146 

175 
137 
128 
109 
100 


25 
24 
19 
20 
20 

20 
20 
20 
19 
22 

38 
42 
32 
32 
27 


i>»y. 

Jan. 

Pflb. 

Mar. 

Apr. 

May. 

1  June. 

1 

July. 

An«. 

1  — 

.  •5*P*- 

Oct. 

Nor. 

D«. 

1919. 
1 

47 
115 
89 
78 
93 

229 
209 

185 

128 

98 

83 
83 
56 
50 
41 

37 
36 







*  **25* 
25 

25 
22 
23 
27 
28 

24 
25 
41 
48 
30 

24 
23 
17 
14 
14 

10 
10 
10 

9 

8 

11 
12 
13 
23 
16 

13 
6 

....... 

....... 

40 
46 
49 

47 
46 

44 

41 
37 
37 

» 

36 

36 
39 
41 
41 

37 
35 
34 
35 
39 

39 

39 
39 
37 
35 

31 
29 
29 
27 
25 

23 
22 
28 
30 
30 

42 
39 
36 
39 
57 

60 

57 
72 
72 
57 

46 
41 

42 
38 
40 

42 

""in 

16 
15 
15 

15 
14 
14 
14 
20 

16 
14 
34 
56 
44 

....... 

60 

50 

62 

120 

112 

68 
50 
39 
34 
24 

20 
37 
56 
92 
101 
86 

60 
41 
32 
28 
20 

17 
17 
15 
98 
98 

82 
197 
458 

287 
128 

89 

13t 

156 

96 

82 

208 
118 
101 
278 
195 

109 
68 
68 
56 
46 

37 
Ml 
430 
345 
345 

485 

278 

141 

82 

81 

58 
48 
43 
35 

28 

34 
31 
52 
50 
135 

114 
72 
52 
43 
36 

38 
41 
35 
36 
104 
50 

42 
39 
3t 
21 
17 

14 
13 
18 
13 

11 

11 
13 
43 
30 

47 

51 

89 

183 

145 
175 

102 
71 
SO 
38 
30 

28 
24 
23 
24 
19 

1: 

2 

r> 

3 

IS 

4 

58 

58 

48 
44 
43 

36 

34 

30 
30 
30 
27 

24 
38 
47 
58 
56 

52 
46 
55 
51 

158 

211 
205 

31 






*  *63" 
83 
127 

95 

74 
60 
62 
72 

62 
55 
55 
49 
43 
40 

1* 

5 

23 

8 

41 

7 

<i- 

8 

•■»- 

9 

.V) 

10 

52. 

11 

39 

12 

2S 

13 

C 

14 

14 

15 

31 

18 

122 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

39 

. 

46 

80 

3} 

31 

145 

Apr. 

May. 

June. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1930. 

21 

58 

75 

16 

35 

305 

38 

225 

21 

57 

78 

17 

35 

311 

30 

166 

20 

57 

89 

18 

34 

150 

28 

146 

20 

66 

101 

19 

93 

28 

101 

23 

60 

96 

20 

65 

25 

75 

23 

46 

90 

21 

58 

23 

65 

23 

44 

81 

22 

54 

20 

60 

21 

41 

75 

23 

51 

19 

56 

21 

37 

79 

24 

44 

18 

55 

23 

35 

75 

25 

43 

18 

56 

43 

39 

60 

26 

38 

18 

89 

56 

38 

48 

65 

27 

34 

30 

107 

66 

50 

44 

28 

30 

25 

83 

68 

51 

39 

38 

35 

72 

72 

89 

30 
31 

23 
22 

65 

72 

75 

Juae. 


NOTB.— Diseharse  for  following  periods  when  nge  did  not  operate  satisfBctorily  estimated  by  Gompvi- 
flon  with  records  ofPorcapine  Creek  near  Nickel:  Nov.  24^30, 1918, 87  second-feet;  Jan.  18^1, 1910, 30seo(XKl- 
feet;  Feb.  l-8,37second<feet;Mar.  13-19, 10  seoond-feet:  Mar.  30-31,  28  seoond-faet;  Apr.  1-3,  50  second-feet; 
Apr.  28-30,  135  second-feet.  May  1-3,  65  seoond-feet;  May  6-17,  55  second-feet;  July  23-27,  30  second-tot; 
Aug*  ii-i6»  46  seoond-feet;  £>ec.  17-28. 77  second-feet;  Apr.  13-35, 1930, 34  seoond-feet.  Discharge  for  foUoir- 
ing  periods  estimated  because  stage-oiscbarge  relation  was  affected  by  ioe:  Feb.  10  and  Feb.  27  to  Mar.  4, 
1919,  Jan.  14. 16;  Mar.  6-8,  and  Mar.  27  to  Apr .  8, 1930,  as  shown  in  taJbla;  Jan.  19^91, 1900,  35  seoondM 
ftud  Fab.  1-7, 88aBOQpd-fee(, 
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Monthly  dUdmge  of  Falls  Creek  at  Nickel  for  the  period  May  6^  1918,  to  June  IS,  19t0, 


Montii. 


1918. 
Kayft-ai... 

June. 

July 

August 

8ept«mber. 


October . . . 
November. 
December. 


The  period. 


1019. 

January 

February. . 

March 

April 

May 

June. 


Discharge  In  seoond-f  eet. 


Maxi- 
mum. 


258 
162 
106 
408 
414 

156 
465 
235 


Mini- 
mum. 


229 


211 

127 

49 


Mean. 


Run-off 
in  acre- 
feet. 


62 
50 
23 
35 
28 

39 
31 
30 


101 

sai 

449 
104 
104 

78.8 
103 
81.1 


10 

6 

24 


25 


66.3 
24.2 
17.5 
67.0 
6a7 
37.5 


5,210 
4,770 
^760 
6^400 
6^190 

4,850 
6,130 
4^900 


41,300 


4,080 
1,340 
1,080 
3,990 
3,730 
2,230 


Month. 


1919. 

July 

August 

September. 
October... 
November. 
December. 


The  year 


1920. 
January... 
February. . 

March 

April 

May 

June  1-13.. 


The  period. 


Discharge  in  seoond-f  eet. 


Maxi- 
mum. 


72 
120 
458 

465 
183 


465 


570 


42 
107 
225 
101 


Mini- 
mum. 


15 
14 
15 
28 
11 
14 


28 
18 


35 
44 


Mean. 


37.3 
47.8 

111 

115 
46.5 
64.7 


57.3 


96.3 
95.2 
24.5 
3&1 
7a  6 
76.8 


Run-off 
in  acre- 
feet. 


2,290 
2,940 
6^600 
7,070 
2,770 
3,360 


41,500 


5,920 
5^480 
1,510 
3^270 
4,340 
1,980 


21,500 


POBOUFUIK  CBSBK  KBAR  ITIGKBL. 

Location. — Half  a  mile  above  beach,  on  stream  that  enters  tidewater  at  head  of 
Porcupine  Harbor,  4  miles  northwest  of  camp  of  Alaska  Nickel  Mines  Co.,  which 
is  20  miles  by  water  northwest  of  Ghichagof,  on  west  coast  of  Chichagof  Island. 

DiuLiNAOB  ARBA. — Not  measured. 

Records  available. — ^May  20, 1918,  to  August  22, 1920. 

Gaqe. — Stevens  water-stage  recorder  on  left  bank  of  stream  half  a  mile  above  beach. 

DiscHAROB  MEASUREMENTS. — ^At  medium  and  high  stages,  made  from  cable  across 
stream  150  feet  above  gage;  at  low  stages,  made  by  wading  near  control. 

Channel  and  control. — The  gage  is  located  at  e^se  of  deep  pool  formed  by  con- 
traction of  channel  where  stream  passes  over  exposed  bedrock  and  descends  in 
a  series  of. small  falls.  The  head  of  these  &lls  forms  a  well-defined  and  perma- 
nent control.  At  the  cable  section  the  bed  is  rough,  the  water  is  deep,  and  the 
current  is  sluggish  and  irregular,  because  16  feet  above  cable  the  stream  widens 
into  a  small  lake. 

Extremes  of  discharge. — 1918-1290:  Maximum  stage  during  period  from  water- 
stage  recorder,  4.25  feet  at  11  p.  m.  January  7, 1920  (dischaige,  from  extension  of 
rating  curve,  1,180  second-feet);  minimum  stage,  0.37  foot  March  19  and  28,  1919 
(discharge,  24  second-feet). 

Ice. — Stage-dischaige  relation  not  seriously  affected  by  ice. 

AocuRAGT. — Stage-discharge  relation  practically  permanent.  Rating  curve  fairly  well 
defined  between  30  and  200  second-feet;  extended  beyond  these  limits.  Opera- 
tion of  water-stage  recorder  satisfactory  except  for  periods  indicated  in  footnote  to 
daily  discharge  table.  Daily  dischaige  ascertained  by  applying  to  rating  table 
mean  daily  gage  heights  obtained  by  inspection  of  gage-height  graph,  or,  for  days 
of  considerable  fluctuation,  by  averaging  dischaige  for  intervals  of  the  day.  Rec- 
ords fair. 

The  following  dischaige  measurement  was  made  by  G.  H.  Canfield: 
June  13, 1920:  Gage  height,  1.24  feet;  dischaige,  84  second-feet. 
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64 
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6i 
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M 
64 


69 
00 
48 
46 
44 

43 
43 
41 
41 
49 

41 
40 
39 
39 
89 

88 
86 
44 

48 
43 

49 

40 
40 

38 
86 

35 

34 
33 


39 
31 
31 
90 
98 

99 
99 

80 
33 
81 

80 
80 
89 

98 
86 

96 
96 
96 
95 
97 

39 
30 
99 
98 
97 

96 
96 
95 
97 
30 
39 


I 


43 
46 

47 
46 
60 

63 
53 
58 
58 
53 

59 
68 

53 
53 
59 

51 
53 
54 
68 
60 

63 
69 
64 
64 
87 

109 
133 
139 
135 
118 


88 

89 
126 
197 
394 
306 


112 

104 

98 

99 

89 

89 
90 
93 

95 
94 

93 
90 
89 
99 
90 

104 
101 
100 
106 
126 

196 
133 
118 
114 
118 

116 
110 
105 
103 
95 
00 


i4s; 

147  j 

IC3 
149 
Ul 

Ul 


118 
114 
109 
106 

106 
100 


100 

100 
100 

103 
120 
147 


02 
99 
94 
90 

88 


84 
89 
80 
80 

79 
79 

78 
78 
79 

78 
78 
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83 
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65 
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63 
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61 
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69 

03 

69 

84 

59 

80 

56 

76 

67 

94 

69 

113 

69 

103 

67 
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76 

445 

86 
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84 

363 

95 

273 

99 

253 

go 

805 

117 

253 
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306 

131 

306 

113 
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108 
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106 
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129 
140 
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228 
499 
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355 
385 

322 
181 
155 
143 
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113 
110 
109 
136 

159 
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137 
121 
117 

103 

99 

96 

93 
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no  
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139  

t3i  

113  
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•4  

88  

90  

94  

110  

110  

116  m 

117  125 
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145 
143 
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183 


104  ' 

103  !. 
104 

98 

96 

93 

86 
74 
81 
79 

73 
70 
77 
74 
79 

79 

93 
122 
140 
161 

157 
148 
191 


136 
IS 
I» 
105 
«9 
«0 


US 
112 
108 

108 
114 
117 
137 
190 

177 
171 
155 
142 
127 
142 
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Daily  dUcharge,  in  »econd-feet,  of  Porcupine  Creek  near  Nickel  for  the  period  May  tl, 

1918y  to  Aug,  il,  i9f0— Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jono. 

Jaly. 

Aug. 

1020. 
1 

217 
245 
255 
222 
210 

266 

012 
030 
500 

408 

206 
235 
206 
175 
167 

80 
74 
85 
81 
112 

125 
122 
123 
123 
120 

147 
175 
185 
157 
140 

122 

113 

104 

08 

80 

85 

70 
75 
71 

70 
68 
66 
64 
62 

62 
58 
60 
58 
52 

55 
54 

50 
60 
52 

52 
40 
52 
50 

48 

48 
48 
43 
44 
44 

41 

42 
41 
SO 
38 
36 

35 
35 
36 
38 
42 

41 
40 
40 
30 
38 

37 
30 
42 
44 
43 

45 
43 
43 
47 

48 

40 
40 
51 
52 
60 

40 
50 
51 
55 
56 

57 
55 
53 
63 
66 

50 
58 
58 

60 
64 

67 
64 
64 
66 
64 

61 
63 
64 
68 
71 

72 
71 
72 
73 
80 

80 
70 
81 
70 
80 
80 

81 
86 
03 
04 
03 

00 
04 
06 
100 
06 

03 
80 
02 
04 

88 

02 
00 
87 
88 
86 

87 
83 
86 
83 
70 

74 
77 
77 
80 
83 

02 
00 
03 
02 

88 

87 
S3 
81 
81 
78 

74 
70 
73 
60 
67 

63 
64 
61 
58 
66 

55 
54 
54 

64 
54 

51 
47 
54 
55 
50 
53 

50 

2 

.   58 

3 

62 

4 

68 

5 

120 

6 

126 

7 

123 

8 

120 

0 

120 

10 

121 

11 

167 

12 

102 

13 

161 

14 

154 

15 

143 

16 

137 

125 

18 

113 

127 

20 

133 

21 

143 

23 

24 

25 

26 

28 

30 • 

m 

Note.— Discbarge  for  foDowing  periods  estimated  because  of  unsatisfactory  operatirm  of  water-stMe  re* 
oorder,  by  camponson  with  recmis  of  flow  lor  near-by  streanLs:  July  22  to  Aug.  4.  lOls,  as  shown  in  &ble; 
Dec.  1-23,  la*)  second-feet;  May  10-12,  July  26-30,  and  Oct.  6-8, 1010.  as  shown  In  table;  N  ov.  24-30, 53  second- 
feet;  Dec  1-17,  71  seoond-feet;  Jan.  16-31,  1020,  80  second-feet:  aiadiarge  for  following  periods  estimated 
because  staee-discharge  relation  was  aflected  by  ice:  Feb.  25  and  Mar.  12, 1010,  Mar.  1-6,  and  Mar.  28  to  Apr. 
4,  lOBO,  as  shown  in  table;  Feb.  1-6, 1020,  60  second-feet. 

Monthly  diicharge  of  Porcupine  Creek  near  Nickel  for  the  period  May  21, 1918,  to  Aug, 

21,  1920, 


Month. 


1018. 
May  21-31.. 

June. , 

July 

August 

September. 

October 

Noyember. 
December. 


The  period. 


1010. 
January... 
February. . 

March 

Anrfl 

May 

June. 

July 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


224 
101 
130 
645 
505 
175 
658 


206 

52 

30 

133 

126 

04 

112 


Mini- 
mum. 


88 
08 
58 
00 
82 
06 
88 


54 
83 
25 
43 
80 
77 
66 


Mean. 


126 
128 
87.0 
140 
170 
124 
170 
130 


104 
41.2 
28.0 
66.3 

102 
82.0 
86.5 


Run-off 
in  acre- 
feet. 


^750 
7,620 
6»400 
8»610 

laioo 

7,620 

10^700 

7,000 


60^800 


6^400 
2;  200 
1,780 
3»060 
6^270 
4,880 
^320 


Month. 


1010. 

August 

September. 
October. . . 
NoTember. 
December., 


The  year. 


1020. 

January 

February... 

March 

April 

May 

June 

July 

August  1-21. 


The  period, 


Discharge  in  second-feet. 


Maxi- 
mum. 


133 
637 
650 


660 


030 

185 

70 

56 

81 
100 

03 
162 


Mini- 
mum. 


62 
76 
03 


25 


36 
36 
53 
74 
47 
58 


Mean. 


86.3 

218 

228 
01.8 
00.5 


103 


213 

102 
51.5 
44.2 
66.8 
87.8 
67.8 

121 


Run-off 

inacr»- 

feet. 


6^310 

13^000 

14,000 

6,460 

6,120 


74,800 


13,100 
6^870 
3,170 
2,630 
4,110 
5,220 
4,170 
5,040 


43^300 
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Location. — In  latitude  57^  56^^  N.,  longitude  133^  AV  W.,  on  east  shore  1  mile  from 
head  of  south  ann  of  Port  Snettisham,  3  miles  south  of  mouth  of  Whiting  River,  7 
miles  by  water  &om  Snettisham,  and  42- miles  by  water  from  Juneau.  No  large 
tributaries  enter  river  between  gaging  station  and  outlet  of  large  lake,  2}  miles 
upstream. 

Drainage  area. — 27  square  miles  (measured  on  United  States  Geological  Survey 
topographic  map  of  the  Juneau  gold  belt,  edition  of  1905). 

Records  available.— July  31,  1915,  to  March  31,  1917;  May  21,  1918,  to  December 
31,  1920. 

Gaob. — Stevens  water-stage  recorder  on  right  bank,  300  feet  upstream  from  tidewater 
on  east  shore  of  Port  Snettisham. 

Discharge  measurements. — ^At  medium  and  high  stages,  made  from  cable  acroas 
river  one-fourth  mile  upstream  from  gage;  at  low  stages,  made  by  wading  in 
channel  at  mouth  of  creek  exposed  at  low  tide. 

Channel  and  control. — From  the  outlet  of  the  lake  at  an  elevation  of  520  feet  above 
sea  level  and  2§  miles  from  tidewater  the  water  descends  in  a  series  of  rapids  and 
falls  through  a  narrow,  deep  canyon.  Gage  is  in  a  pool  at  foot  of  two  falls,  esch 
25  feet  high,  which  are  known  as  Sweetheart  Falls;  outlet  of  pool  is  a  natural  rock 
weir,  which  forms  a  well-defined  and  permanent  control  for  gage. 

Extremes  of  discharge.— Maximum  stage  recorded  during  year,  4.7  feet,  at  10 
a.  m.  August  6  (discharge  computed  from  an  extension  of  rating  curve,  1,620 
second-feet);  minimum  stage,  0.15  foot,  April  10  (discharge,  28  second-feet). 

1915-1920:  Maximum  stage  recorded,  7.15  feet  at  midnight,  September  26, 1918 
(dischaige  computed  from  an  extension  of  the  rating  curve,  2,880  second-feet); 
minimum  dischaige,  estimated  by  current-meter  measurement  and  climatic  data, 
15  second-feet,  February  11,  1916. 

Ice. — Stage-discharge  affected  by  ice,  April  5-7  and  December  14-19. 

AccvRACT. — Stage-dischaige  relation  permanent.  Rating  curve  well  defined  between 
40  and  1,300  second-feet;  extended  beyond  these  limits  by  estimation.  Opera- 
tion of  water-stage  recorder  satisfactory  except  for  periods  indicated  in  footnote 
to  daily-discharge  table.  Daily  dischaige  ascertained  by  appl}dng  to  rating  table 
mean  daily  gage  heights  determined  by  inspecting  gage-height  graph,  or,  for  daj's 
of  considerable  fluctuation,  by  averaging  results  obtained  by  applying  to  rating 
table  gage  heights  for  regular  intervals  of  day.  Records  excellent,  except  for 
period  of  break  in  record  and  for  dischaige  above  1,300  second-feet,  for  which 
they  are  fair. 

The  only  maps  available,  showing  the  lake  and  the  drainage  basin  of  this  stream, 
are  sheets  11  and  12  (scale  1:160,000)  of  the  Alaska  Boundary  Tribunal,  edition  of 
1895;  topographic  map  of  the  Juneau  gold  belt  (scale  1:250,000),  United  States  Geo- 
logical Survey,  edition  of  1905  (topogiaphy  compiled  from  sheets  of  the  Alaska 
Boundary  Tribunal).  From  these  maps,  the  following  determinations  have  been 
made:  Area  of  drainage  basin  above  gaging  station,  27  square  miles,  and  above  outlet 
of  lake,  26  square  miles;  area  of  lake,  1,500  acres;  distance  from  lake  outlet  to  tide- 
water, 1}  miles.  The  elevation  of  lake  above  high  tide,  measured  by  aneroid  barom- 
eter, is  520  feet.  An  unpublished  map  of  part  of  Port  Snettisham  (scale  1:31,680), 
made  in  1920  by  the  United  States  Geological  Survey  in  cooperation  with  the  United 
States  Forest  Service,  shows  the  topography,  by  a  100-foot  contour  interval,  from  the 
shore  to  a  point  about  half  a  mile  from  outlet  of  lake. 
The  following  dischaige  measuroment  was  made  by  G.  H.  Ganfield: 
October  7,  1920:  Gage  height,  101  feet;  discharge,  178  second-feet. 
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DaUy  diatharge^  in  Hctmd-ftit,  of  Sweetheart  FalU  Creek  near  Snettisham  for  1920. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

159 
249 
428 
351 
264 

240 
628 
1,040 
725 
470 

348 
858 
202 
183 
152 

131 

58 
58 
58 
74 
113 

121 

119 

102 

96 

92 

125 

108 

90 

78 

79 

88 

146 
109 
178 
150 

123 
98 
85 

73 
.  67 

60 
^7 
54 
50 

47 
44 

43 
41 
40 

47 
53 
44 
39 
40 

42 
53 
£3 
48 
44 

40 
41 
88 
36 

33 

33 

*  "37' 

35 
34 
32 
29 
28 

37 
52 
50 
44 

41 

89 

38 
38 
38 
37 

37 
87 
36 

37 
47 

85 
119 
131 
135 
133 

133 
137 
144 
146 
144 

135 
131 
121 
115 
113 

125 
183 
199 
191 
210 

318 
818 
340 
309 
273 

249 
249 
261 
279 
282 

282 
297 
334 
386 
452 
505 

565 
645 

705 
785 
845 

846 
765 
725 
685 
665 

605 
565 

545 
545 
585 

605 
565 
565 

505 
462 

424 
585 

606 
505 
460 

505 
565 
625 
745 
865 

865 
805 
685 
606 
625 

645 
665 
706 
745 
765 

725 
705 
665 
625 
625 

685 
585 

545 
535 
505 

470 
452 
418 
372 
848 

358 
386 
386 
882 
382 
418 

470 
442 
432 
470 
846 

1,530 

1,350 

1,240 

845 

565 

922 
1,330 
1,330 
1,080 

745 

505 
400 
330 
324 
340 

418 
435 
365 
306 
255 

300 
585 

505 
393 
315 
452 

805 
685 

645 
765 
665 

506 
765 
1,190 
945 
645 

435 
830 
261 
210 
183 

164 
148 
187 
153 
150 

137 
129 
»  123 
111 
113 

96 

90 

150 

682 

1,120 

785 
506 

418 
321 
255 

206 
166 
183 
505 
470 

365 
300 
276 
249 
219 

183 

155 
131 
117 
148 

228 
231 
382 
414 
321 

288 
625 
635 
462 
545 
777 

785 

1,150 

1,040 

705 

505 

685 

545 
407 
312 
243 

196 
155 
129 
113 
106 

95 
85 

80 
74 
79 

80 
78 
76 
74 
73 

72 
64 
73 
88 
88 

79 

2 

73 

3 

67 

4 

67 

•5 

64 

6 

58 

7 

57 

8 

53 

9 

40 

10 

46 

11 

43 

12 

40 

13 

39 

38 

15 

38 

16 

38 

17 

38 

IS 

SA 

38 

20 

37 

21 

36 

22 



83 

23 -  -- 

'    SO 

25 ' 

39 

29 

26 

30 

27 

82 

2S 

127 

29 

90 

30 

70 

31 

90 

NoR-^Dlaoharge  for  following  periods  estimated,  beoauae  of  ioe  or  ansatlsfaotary  operatlan  of  water- 
staee  recorder,  by  comparison  with  climatic  data  for  Juneau  and  hydrograpbs  for  streams  in  near-bv 
drainage  basins:  Jan.  17-4)1,  80  seoond-feet;  Mar.  22-31, 82  second^lBet;  Apr.  1-4,  30  seoond-foet;  Feb.  1,  2, 
Apr.  5-7,  Dec.  14-19,  and  Dec.  29-31,  daily  disdiarge. 

Monthly  discharge  of  Sweetheart  Falls  Creek  near  Snettishanif  for  19t0.  . 


Month. 


January.. 
February 

March 

April 

May 

June 

July 


Discbarge  In  second-feet. 

Run-of7 
in  acre- 
feet. 

Maxi- 
mum. 

Mini- 

Mean. 

1,040 
178 
53 
135 
505 
865 
865 

56' 

28* 

113 
424 

348 

227 
93.4 
39.3 
6a9 

237 

622 

568 

14,000 

5,370 

2,420 

3,030 

14,600 

37,000 

34,900 

i 

Month. 


August 

September 

October 

November 

December 

The  year 


Discharge  in  seoond-f  eet. 


Maxi- 
mum. 


1,530 
1,190 

777 
1,150 

127 


1,530 


Mini- 
mum. 


255 
90 

117 
64 
29 


Mean. 


640 
418 
340 
275 
53.0 


28 


296 


Run-off 
in  acre- 
feet. 


39,400 
24,900 
21,500 
16,400 
3,260 


217,000 


CKATSK  LAXB  OUTLET  AT  SPBXL  BIVSR,  PORT  8HBTTI8KAK. 

Location. — ^At  outlet  of  Crater  Lake,  1  mile  upstream  from  edge  of  tide  flats  at  head  of 

north  arm  of  Port  Snettiaham,  2  miles  by  trail  from  cabins  of  Speel  River  project, 

which  are  42  miles  by  water  from  Juneau. 
Drainaos  absa. — ^11.9  square  miles  above  water-stage  recorder  at  lake  outlet,  and  13 

square  miles  above  staff  gage  at  beach  (measured  on  topographic  maps  of  the  Alaska 

Boundary  Tribunal,  edition  of  1895). 
Records  availablb. — January  23,  1913,  to  December  31,  1920. 
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Gaqb. — Stevens  water-stage  recorder  on  left  shore  of  lake  100  feet  upstream  from 
outlet.  A  locally  made  water-stage  recorder  having  a  natural  vertical  scale  and  a 
time  scale  of  7  inches  to  24  hours  was  used  until  replaced  by  Stevens  gage  June 
29,  1916.  The  gage  datum  remained  the  same  during  the  period.  During  the 
winter,  because  of  inaccessible  location  and  deep  snow,  the  operation  of  the  gage 
at  the  lake  was  discontinued,  and  the  stage  read  at  staff  gage  in  channel  exposed 
at  low  tide  at  beach.  The  first  gage  at  beach  was  set  at  an  unknown  datum  and 
washed  out  in  winter  of  1915-16.  Another  staff  gage  was  set  at  about  the  same 
location  November  24 ,  1916.  Other  staff  gages  were  set  at  about  the  same  location 
January  11  and  November  13,  1918. 

Discharge  measurements. — UaAe  from  cable  across  outlet  of  lake,  100  feet  down- 
stream from  gage  and  10  feet  upstream  from  crest  of  first  falls.  The  rope  sling 
from  which  discharge  measurements  were  first  made  was  replaced  in  fall  of  1915 
by  a  standard  United  States  Geological  Survey  gaging  car,  making  more  reliable 
measurements  possible. 

Channel  and  control. — The  gage  is  on  left  shore  of  lake,  100  feet  upstream  frcnn 
outlet,  where  the  stream  becomes  constricted  into  a  narrow  channel,  the  bed  of 
which  is  composed  of  large  boulders  and  rock  outcrops  that  form  a  well-defined 
and  permanent  control. 

Extremes  of  dlscharoe. — Maximum  stage  recorded  during  the  year,  6.75  feet  at 
2  a.  m.  August  6  (discharge  computed  from  an  extension  of  rating  curve,  2,100 
second-feet);  minimum  discharge,  estimated,  10  second-feet  about  March  31. 

1913-1920:  Maximum  stage  occurred  probably  on  September  26, 1918  (discharge 
estimated  at  2,300  second-feet  by  multiplying  maximum  discharge  at  Long  River 
on  September  27,  1918,  by  0.44,  which  is  the  ratio  between  the  maximum  dis- 
charges of  Crater  Lake  outlet  and  Long  River  on  August  19  and  20,  1917);  mini- 
mum discharge,  5.0  second-feet,  February  4,  1916,  and  February  13,  1919. 

Accuracy. — Stage-disdiarge  relation  permanent.  Rating  curve  well-defined  below 
and  extended  above  1,000  second-feet.  Operation  of  water-stage  recorder  satis- 
factory except  for  periods  indicated  by  breaks  in  record  as  shown  in  footnote  to 
daily-discharge  table.  Daily  discharge  ascertained  by  applying  to  rating  table 
daily  gage  height  determined  by  inspecting  gage-height  graph,  or,  for  days  of  con* 
siderable  fluctuation,  by  averaging  results  obtained  by  applying  to  rating  table 
mean  gage  heights  for  regular  intervals  of  the  day. 

Crater  Lake  is  1,010  feet  above  sea  level  and  covers  1.1  square  miles.  The  sides  of 
the  mountains  surrounding  the  lake  are  steep  and  barren,  and  the  tops  are  covered  by 
glaciers. 

Discharge  measurements  of  Crater  Lake  outlet  at  Port  Snettisham  during  1990. 

[Made  by  O.  H.  Canfleld.] 


Date. 

Oase 
height. 

Feb.  4 . . . 

• 

Feet. 

Apr.6 

•••••••••• 

Dte- 
charge. 


8ee.-ft. 
a  12  . 
»11.5 


Date. 


Kay  14. 
Nov.  11. 


Oage 
height. 


Feet. 
0.26 
.48 


Dis- 
charge. 


See.-fu 
»52 
»82 


a  Estimated  discharge  at  beach. 

b  Estimated  inflow  between  the  outlet  of  Crater  Lake  and  the  beach  subtracted  (ram  the  discharge 
ured  at  the  beach. 
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Daily  ditcharge^  in  uaynd-feet^  of  Crater  Lake  outlet  at  Speel  River,  Port  Snettisham^for 

the  period  Oct.  1919,  to  Nov,  11, 1920, 


1. 
2. 
3. 

4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
13. 
13. 
14. 
16. 

16. 
17. 
18. 
19. 

ao. 

21. 
23. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
80. 
31. 


Day. 


Oct. 


282 
194 

139 

116 

96 

82 

70 

63 

62 

67 

100 

246 

338 

203 

133 

98 

78 

66 
63 
62 
55 
55 
53 


Not. 


50 

43 
33 
34 


56 
194 
341 
321 

351 

161 

106 

78 

60 

49 


ICay. 


June. 


64 
66 
68 

68 
70 
75 
78 
84 
90 


96 
103 
106 
114 
118 

131 
133 
135 
136 
137 

130 
131 
133 
134 
135 

136 
138 
140 
143 
143 

146 
146 
161 
180 
198 

341 
304 
363 
473 
594 


July. 


532 

416 
337 
304 
338 

388 
429 
472 
602 
502 

603 
472 
443 
443 
443 

473 
443 
403 

402 
388 

388 
375 
327 
393 
393 

327 
363 
363 
375 
388 
473 


Au^. 


517 
416 
363 
443 

1,440 

1,730 

1,330 

610 

403 

304 

1,080 

1,090 

763 

503 

338 

260 
231 
219 
303 
375 

533 
439 
304 
331 
178 

387 
763 
472 
383 
208 
223 


Sept. 


251 
337 
533 
504 
375 

350 
675 
798 
798 
380 

186 
138 
115 
101 
95 

98 

90 

98 

143 

133 

100 
89 
81 
74 
67 

61 

54 

79 

473 

626 


Oct. 


350 
313 
171 
135 
93 

74 

62 

151 

304 

317 

150 

130 

108 

94 

78 

64 
53 
43 
40 
55 

78 

79 

133 

136 

98 

108 
337 
351 
158 
303 
331 


Nov. 


351 
403 
360 
331 
153 

341 

186 

136 

98 

78 


NOTX.— DIacliarge  for  ftdlowins  periods  estimated,  because  of  ice  or  ousatistactoiy  operation  of  water- 
staxe  recorder,  by  comparison  with  hydrograph  and  record  of  flow  for  Sweetheart  Falls  Creek:  Oct.  IS, 
1919,  470  second-feet:  Nov.  5-16, 32  second-feet;  Nov.  27-30,  40  second-feet;  Dec.  1-^1.  45  second-feet;  Jan. 
1-31, 1920, 100  seoond-feet;  Feb.  1-29, 35  second-feet;  Uar.  1-31, 16  second-feet;  Apr.  30. 20  second-feet;  and 
Kay  1-22,  45  second-feet:  June  24  and  Aug.  6-10,  daily  discharge.  Figures  for  Octooer,  November,  and 
December,  1919,  supersede  those  published  in  previous  report. 

Monthly  discharge  of  Crater  Lake  outlet  at  Sveel  River,  Port  Snettisham,  for  the  period 

Oct,  1,  1919,  to  kov,  11, 19W, 


Kontb. 


1919. 
October... 
November. 
December. 


Thepolod. 

1980. 

January 

February 

Kardi 


Discharge  in  second-feet 


Maxi- 
mum. 


251 


Mini, 
mum. 


52 


Mean. 


209 
67 
45 


107 


100 
35 
16 


Run-off 
in  acre- 
feet. 


12,900 
3,990 
2,770 


19,700 


6,150 

3,010 

984 


Month. 


April 

Mfiy 

June 

July 

August 

September 

October 

November  1-11. 


Thei)eriod. 


Discharge  in  second-feet. 


Maxi- 
mum. 


594 
532 
1,730 
798 
350 
402 


Mini, 
mum. 


95 
293 
178 
54 
40 
63 


Mean. 


Bun-off 

in  acre* 

feet. 


20 

53.4 
177 
406 
532 
263 
140 
197 


1,190 

3,380 

10,500 

35,000 

33,700 

15,600 

8,610 

4,300 


110,000 


Non.~Figure8  for  October,  November,  and  December,  1919,  supersede  those  published  in  prevloua 
report. 
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LOVa  BIVS&  BBLOW  BXGOVD  LAXB,  AT  POBT  8HBTTI8BA1L 

Location. — ^Half  a  mile  downstream  from  outlet  of  Second  Lake,  1  mile  downstream 
from  outlet  of  Long  Lake,  half  a  mile  upstream  from  head  of  Indian  Lake;  2§ 
miles  by  trail  and  boat  across  Second  Lake  from  cabins  of  the  Speel  River  project 
at  head  of  the  North  Aim  of  Port  Snettisham,  45  miles  by  water  from  Juneau. 

Drain AOB  area. — 33.2  square  miles  (measured  on  sheet  No.  12  of  the  Alaska  Bound- 
ary Tribunal  maps,  edition  of  1895). 

Records  available. — November  11, 1915,  to  December  31, 1920. 

Gaoe. — Stevens  continuous  water-stage  recorder  on  rig^t  bank  half  a  mile  below 
outlet  of  Second  Lake. 

Discharge  measurements. — ^At  medium  and  high  stages  made  from  cable  across 
river  at  gage;  at  low  stages  made  by  wading  one-fourth  mile  downstream. 

Channel  and  control. — ^At  the  gage  t)ie  channel  is  deep  and  tftie  current  sluggish; 
banks  are  low  and  are  overflowed  at  extremely  hi^  stages;  bed  smooth  except 
for  one  large  boulder.  A  rapid,  500  feet  downstream,  fonns  a  well-defined  and 
permanent  control. 

Extremes  of  discharge  .^Maximum  stage  during  year,  9.2  feet  at  about  5  a.  m. 
August  6  (dischaige,  estimated  from  extension  of  rating  curve,  4,300  second- 
feet);  minimum  dischaige,  estimated,  30  second-feet,  April  9-10.  1916-1920: 
Maximum  stage,  10.2  feet  September  27,  1918  (discharge,  estimated  from  exten- 
sion of  rating  curve,  5,300  second-feet);  minimum  dischaige,  23  second-feet, 
February  13, 1916. 

Ice. — Stage-discharge  relation  affected  by  ice  during  January,  February,  March,  April, 
and  December. 

Accuracy. — Stage-dischaige  relation  permanent;  affected  by  ice  or  poor  connection 
between  well  and  river  January  1  to  February  8,  March  23  to  May  15,  and  Novem- 
ber 29  to  December  31.  Rating  curve  &irly  well  defined  between  50  and  400 
second-feet  and  well  defined  between  400  and  2,000  second-feet.  Operation  of 
water-stage  recorder  satis^tory  except  for  periods  indicated  in  footnote  to  daily 
dischaige  table.  Daily  dischaige  ascertained  by  applying  to  the  rating  table 
daily  gage  heights  determined  by  inspecting  the  gage-height  graph.  Reonxb 
good,  except  for  stages  below  400  second-feet  and  for  periods  of  break  in  record, 
for  which  they  are  fair. 

Long  Lake  is  at  an  elevation  of  803  feet  above  sea  level,  is  2,000  acres  in  area,  and  is 
about  2  miles,  by  line  of  possible  water  conduit,  from  tidewater  at  cabins  of  the  Speel 
River  project. 

The  aiea  of  the  drainage  basin  above  the  outlet  of  Long  Lake  is  31.9  square  miles. 
The  area  draining  to  Long  River  between  the  outlet  of  Long  Lake  and  this  station 
comprises  only  1.3  square  miles,  including  First  Lake  and  Second  Lake.  Because 
this  area  is  at  a  low  altitude  and  has  no  glaciers  the  run-off  per  square  mile  from  it  is 
greater  early  in  the  spring  but  much  less  in  summer  than  that  from  the  area  above 
Long  l^e,  which  is  partly  covered  by  glaciers. 

DiKharge  measiaremenU  of  Long  River  below  Second  Lake,  at  Port  Snettisham,  during 

IHO, 

[Made  by  O.  H.  Canfleld.] 


Dat«. 

hel^t. 

Dis. 
charge. 

Date. 

Oaee 
height. 

Dis- 
diarge. 

Apr.  6 

Feet. 
0  0.84 

Sec.'feet. 
38 
140 

Nov.  11 

Fut. 
1.71 

181 

May  13             

a  River  partly  froien  over  at  controL 
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Daily  diicharge,  in  teeondfeetf  of  Long  River  beiow  Second  Lak€,at  Port  SneUUham,  for 

1920, 


1. 

2. 
3. 
4. 

5. 

6. 

7. 
8. 

10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

28. 
27- 
28. 
20. 
30. 
31. 


Day. 


Feb. 


50 
60 
55 
60 
100 

160 
130 
110 
08 
106 

180 

120 

80 

81 

82 

06 
204 
204 

134 

08 

77 
68 
63 
62 
58 

56 
54 

53 
52 


Mar. 


51 
50 
40 
48 

48 

48 
46 
45 
44 

42 

45 
50 
54 

50 
50 

48 
47 
46 
40 
45 

45 
45 


ICay. 


June. 


390 
325 
354 
812 
205 

298 
830 
341 
325 
801 

298 
325 
334 
354 
300 
420 


465 
512 
582 
620 
680 

680 
640 
600 
600 
600 

582 
565 
530 
530 
548 

565 
548 
600 
565 

523 

471 
600 

548 
465 
426 

465 
530 
800 
780 
800 


July. 


900 
800 
760 
700 
760 

820 

908 

1,020 

1,060 

1,110 

1,110 
1,110 
1,060 
1,060 
1,060 

1,090 

1,040 

998 

975 

952 

930 
908 
820 
740 
700 

760 
820 
820 
862 
885 
930 


Aug. 


998 
930 
840 
908 
2,360 

3,760 
2,340 
1,510 
1,090 
885 

1,900 
2,480 
1,780 
1,310 
975 

780 
660 
620 
740 
840 

1,130 

1,090 

800 

640 
580 

756 
1,380 
1,110 

800 

620 
660 


Sept. 


740 

840 

1,160 

1,310 

996 

885 
1,490 
1,600 
1,240 

840 

600 
468 
387 
339 
801 

381 
295 
351 
402 
314 

262 
234 
211 
190 
177 

166 

152 

306 

1,090 

1,460 


Oct. 


1,040 
740 
582 
426 
330 

230 
194 
337 
565 
468 

376 
389 
341 
293 
289 

181 
149 
130 
117 
220 

357 
312 
435 

282 


250 
620 
548 
414 
540 
523 


Nov. 


620 
1,190 
952 
600 
468 

582 
487 
357 
264 
202 

173 
157 
138 
123 
113 

105 

101 

96 

86 

94 

95 
94 
92 
91 


87 

89 

110 

110 


Note.— Diseharse  estimated  for  following  periods,  because  stage-discharge  relation  was  affected  by  ice 
or  obstructed  connection  between  well  and  river,  or  because  oiunsatisfiictory  operation  of  water^tage 
recorder,  by  comparison  with  climatic  data  at  Juneau  and  by  hydrographs  and  records  of  flow  for  streams 
in  neaiwby  drainage  basins:  Jan.  1-31, 180  seoond-fBet;  Feb.  1-8,  duly  discharge;  ICar.  23-31,  41  seoond- 
ieet;  Apr.  1-30, 52  second-feet;  May  1-15, 125  second-feet;  June  28  to  July  3,  Oct.  5,  Nov.  20  and  30,  daily 
discharge;  Deo.  1-81, 60  seoond-fBet. 

Monthly  dMiarge  of  Long  River  below  Second  Lake,  at  Port  SnetHiham,  for  19S0. 


Month. 


January.. 
February. 
March.... 

April 

May 

June. 

July 


DIaehaige  insaoond-feet 


Mazi. 

mum. 


204 
51 


420 
800 

1,110 


Mini- 
mum. 


50 


426 
700 


Mean. 


180 
94.7 
45.6 
52 

235 

580 

918 


Run-off 
in  acre- 
feet. 


11,100 

5,450 

2,800 

3,090 

14,400 

34,600 

56,400 


Month. 


August  — 
September. 
October. . . 
November. 
December. 


The  year. 


Disdiarge  in  second-feet. 


Maxi- 
mum. 


3,760 
1,690 
1,040 
1,190 


3,760 


Mini- 
mum. 


530 

152 

117 

86 


Mean. 


1,200 

641 

381 

262 

60 


389 


Run-off 
in  acre- 
feet. 


73,800 
38»100 
23,400 
15,600 
3,690 


283,000 
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ORXHD8TOHB  OBBBK  AT  TAKTT  ZVLXT. 

Location. — On  north  ahore  of  Taku  Inlet,  between  Point  Bishop  and  Point  Salisbury, 
one-fourth  mile  west  of  mouth  of  Rhine  Creek  and  11  miles  by  water  from  Juneau. 

Drainage  abba. — 3.6  square  miles  (measured  on  general  map  of  vidnity  of  Juneau 
prepared  by  Alaska  Gastineau  Mining  Co.,  edition  of  1916). 

Records  availablb. — ^May  6,  1916,  to  December  31,  1920. 

Gaoe. — Stevens  continuous  water-stage  recorder  on  left  bank,  200  feet  from  tidewater, 
installed  September  16,  1916.  ALietz  seven-day  graph  water-stage  recorder 
was  used  May  6  to  June  17,  1916. 

DiacHAROE  MEASUREMENTS. — At  all  Stages  made  by  wading  either  in  the  chazmel  on 
the  beach,  which  is  exposed  at  low  tide,  or  100  feet  below  gage  at  high  tide. 

Channel  and  control. — For  a  distance  of  one-fourth  mile  from  tidewater  the  stream 
descends  in  a  series  of  rapids  and  falls  through  a  narrow,  rocky  channel.  The 
gage  is  at  upper  end  of  a  turbulent  pool  between  two  falls,  the  lower  of  which 
forms  a  well-defined  control.  When  gage  was  installed,  logs  were  jammed  in 
channel  near  upper  end  of  pool. 

Extremes  of  discharge. — ^Maximum  stage  during  year  from  water-stage  recorder, 
3.4  feet  at  4  a.  m.,  August  6  (discharge,  from  extension  of  rating  curve,  317  second- 
feet);  minimum  discharge  estimated  by  comparison  with  hydrographs  for  streams 
in  near-by  drainage  basins,  3.5  second-feet,  April  6,  December  24  and  25. 

1916-1920:  Maximum  stage,  6  feet  at  7  p.  m.  September  26,  1918  (discharge, 
estimated  from  an  extension  of  the  rating  curve,  700  second-feet);  TniniTnnm 
stage,  -0.24  foot  April  5-7,  1918  (discharge,  2.6  second-feet). 

Ice. — Stage-dischaige  relation  sometimes  affected  by  ice. 

Accuracy. — Stage-diachaige  relation  permanent.  Rating  curve  fairly  well  defined 
below  150  second-feet;  extended  above  150  second-feet  by  estimation.  Opera- 
tion of  water-stage  recorder  satisfactory  except  for  periods  shown  in  the  footaote 
to  daily-discharge  table.  Discharge  ascertained  by  applying  to  rating  table  mean 
daily  gage  heights  determined  by  inspecting  gage-height  graph,  or,  for  daj'B 
of  considerable  fluctuation,  by  averaging  results  obtained  by  applying  to  rating 
table  mean  gage  heights  for  regular  intervals  of  day.  Records  fair,  except  those 
for  periods  of  break  in  record  and  discharge  above  150  second-feet,  which  are  poor. 

Discharge  metuwtem/eTUi  ofOrindsUyne  Creek  at  Taku  Inlet  during  1920. 

[Made  by  Q.  H.  Canfleld.I 


Date. 


Apr.  6. 
July  10 
Aug.  24 


Oan 
hei^t. 

Dls- 
charge. 

Feet. 

-0.04 
1.17 
1.23 

Sec-ft. 
3.9 
55 
64 

Date. 


Dis. 
dbaige. 


Oct.  4. . . . 
Nov.  10... 
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Daily  discharge^  in  uwmi-JtH^  ofQrirubtene  Creek  at  Taku  Met  for  1920. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

17 
24 
22 
17 
10 

21 
83 
49 
26 
21 

18 

0 
6 

5 

8 

12 

15 
14 
11 
11 
12 

16 
11 
10 
12 
13 

20 
32 
24 
10 
14 

12 

11 

10 
9.0 
9.0 

a7 

&4 
8.2 
&2 

7.6 
7.0 
0.3 
7.8 
7.9 

&0 
8.0 
8.0 
0.9 
0.8 

7.2 
7.2 
0.4 
0.3 
6.9 

6.9 
5.8 
5.8 
&0 
5.4 

6.4 

5.1 
5.1 
4.8 
4.8 

5.2 
5.0 
5.0 
4.0 
4.5 
4.5 

4.4 

4.2 
4.1 
4.0 
3.9 

3.5 
3.0 
3.7 
3.7 
3.7 

7.6 
12 
&1 
0.2 
5.8 

5.7 
&4 
0.0 
7.2 
7.5 

7.8 
7.8 

a4 

9.2 
10 

46 
02 
34 
26 
20 

21 
24 
24 
20 
19 

18 
18 
10 
10 
17 

21 
25 
36 
35 
45 

00 
60 
40 
32 
26 

20 
34 
30 
30 
87 

41 
49 
55 
02 
08 
72 

07 
84 
97 
91 
102 

92 
80 
77 
77 
75 

72 
72 
08 
70 
77 

77 
74 
77 
00 
57 

55 
74 
72 
61 
56 

82 

92 

88 

133 

180 

120 
92 
77 
72 
72 

72 
72 
72 
70 
07 

00 
59 
50 
49 
48 

45 
45 
42 
38 
34 

32 
30 
26 
24 
20 

26 
30 
30 
28 
20 
00 

48 
34 

38 

43 

174 

108 
80 
65 

45 

41 

102 
05 
55 
40 
41 

37 
32 
39 
00 

48 

07 
44 
38 
32 
29 

38 
39 
31 
20 
24 
25 

24 
24 
32 
24 
24 

40 
73 
81 
62 
43 

36 
31 
26 
24 
22 

24 
21 
24 
24 
21 

20 
19 
19 
19 
18 

17 
10 
40 
00 
45 

35 
30 
25 
22 
21 

19 

18 
21 
29 
26 

24 
22 
24 
29 
24 

22 

19 
18 
17 
21 

21 
23 
24 
22 
90 

28 
49 
35 
30 
01 
49 

03 
00 
57 
47 
42 

48 
40 
S3 
31 
27 

24 
22 
20 
19 
19 

17 
17 
10 
10 
10 

to 

15 
14 
14 
14 

14 
13 
15 
16 
13 

13 

2 

12 

3:::::;:::::;:: 

12 

4 

12 

5 

12 

6 

11 

7 

11 

8 

10 

9 

8.4 

10 

11 

12 

14 

17 

19 

21 

22 

24 

26 

27 

29 

31 

NOTS.— Discharge  estimated  for  following  periods,  because  stage-discharge  rebtion  was  affected  by  ice  or 
water-stage  recorder  waa  not  operating.'  Jan.  12-31  (10  seoond-feet),  Feb.  1-4,  Mar.  4-8,  and  Mar.  30  to  Apr. 
10,  by  oomparison  with  hydronaphs  of  streams  in  near-by  drainage  basins  and  climatic  data  for  Juneau; 
May  12-18,  firom  maximum  and  minimum  stages  tndieatea  by  recorder  and  comparison  with  record  of  flow 
for  Sheep  Creek;  Aug.  10-20.  ftom  gace-height  graph  drawn  by  oomparison  with  that  for  Sheep  Creek; 
Sept.  27  to  Oct.  3  (daUy  discharge)  ana  Dec.  10-31  (0.3  second-feet),  ttmn.  Ttiftyinnitn  and  wiiTifmnm  stages 
inoicatod  by  recorder  and  comparison  with  records  of  flow  for  Sheep  Creek  and  Sweetbeart  FaUs. 

Monthly  discharge  of  Grindstone  Creek  at  Taku  Inlet  for  1920. 


Month. 


January. 
February 
March... 

Anril 

May 

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


83 

32 
8.0 

02 

72 
186 
120 


Mini- 
mum* 


5.0 
4.5 
3.5 

10 

55 

24 


Mean. 


10.0 
12.1 
0.12 
11.6 
34.8 
81.7 
61.4 


Run-off 
in  acre- 
feet. 


1,020 

096 

370 

084 

2,140 

4,860 

3,100 


Month. 


August 

September 

October 

November 

December 

Thejrear 


Discharge  In  second-feet 


Mari- 
mum. 


174 
81 
01 
06 
13 


180 


Mini- 
mum. 


24 

10 
17 
13 


3.6 


Mean. 


63.0 
31.4 
20.7 
20.1 
7.74 


29.9 


Run-off 

in  acre* 

feet. 


3,200 
1,870 
1,040 
1,650 
470 


21,700 


110 


MINERAL.  BBSOTJBOEB  OF  ATJ^SKA,  1990. 

0ABL80V  OBXIK  AT  smnrT  oovt,  VAXU  znjn. 


Location. — ^At  Sunny  Cove,  on  west  shore  of  Taku  Inlet,  20  mileB  by  water  from 
Juneau. 

Drainage  arba. — ^22.26  square  miles  (detennined  by  engineering  department  of 
Alaska  Gastineau  Mining  Co.  from  surveys  made  by  that  company). 

Records  available. — July  18,  1916,  to  December  31,  1920. 

Gage. — Stevens  water-stage  recorder  on  left  bank,  2  miles  from  tidewater. 

Discharge  measurements. — At  high  stages,  made  from  cable  across  river  half  a 
mile  downstream  from  gage;  at  medium  and  low  stages,  made  by  wading  500  feet 
upstream  from  gage. 

Channel  and  control. — Above  the  gage  the  stream  meanders  in  one  main  channel 
and  several  small  channels  through  a  flat,  sandy  basin  about  a  mile  long;  just 
below  the  gage  the  channel  contracts  and  the  stream  passes  over  rocky  fiills  that 
form  a  well-defined  and  permanent  control.  The  point  of  zero  flow  is  at  gage 
height  —1.5  feet. 

Extremes  of  discharge. — Maximum  stage  during  year,  7.15  feet  at  8  p.  m.  August 
5  (discharge  computed  from  extension  of  rating  curve,  4,950  second>feet);  mini- 
mum flow,  estimated,  12  second-feet,  April  3. 

191&-1920:  Maximum  stage,  8.1  feet  at  2  p.  m.  September  26,  1918  (dischaige, 
computed  from  extension  of  rating  curve,  6,200  second-feet);  minimum  flow, 
estimated  from  climatic  data  and  hydrogiaphs  for  streams  in  near-by  drainage 
basins,  10  second-feet,  April  1-7,  1918. 

Ice. — Stage-discharge  relation  affected  by  ice  January  1  to  about  May  1. 

Accuracy  . — Stage-discharge  relation  permanent.  Rating  cur\'e  well  defined  between 
70  and  2,000  second-feet,  extended  below  70  second-feet  to  point  of  zero  flow 
and  above  2,000  second-feet  by  estimation.  Operation  of  water-stage  recorder 
satisfoctory  except  for  periods  of  break  in  record  as  indicated  in  footnote  to  daily- 
discharge  table.  Daily  discharge  ascertained  by  applying  to  rating  table  mean 
daily  gage  heights  determined  by  inspecting  gage-hei^t  graph,  <v,  for  daye  of 
considerable  fluctuation,  by  averaging  results  obtained  by  applying  to  ratmg 
table  mean  gage  heights  for  regular  intervals  of  the  day.  Records  good,  except 
for  stages  below  70  second-feet  and  above  2,000  second-feet,  and  for  periods  of 
break  in  record,  for  which  they  are  fair. 

A  possible  site  for  a  dam  is  about  2  miles  from  tidewater  at  the  outlet  of  a  flat  gravel 
basin.  The  elevation  of  the  stream  bed  at  this  point  is  350  feet  above  high  tide.  A 
dam  120  feet  high  would  form  a  reser\'oir  having  a  storage  capacity  of  30,000  acre-feet, 
which  is  less  than  half  the  capacity  required  to  equalize  the  annual  run-off. 

Discharge  measurements  of  Carlson  Creek  at  Sunny  Cove  during  1920. 

[Made  by  G.  H.  Canfleld.] 


Date. 

Gaee 
heignt. 

Dis- 
charge. 

Date. 

Gaffe 
height. 

Dis- 
charge. 

Feb.  6 

Feet. 

Sec.'ft. 
a  49 
ol6 

May  29 

Fed. 

L46 
.08 

See.-fl. 
a  425 

Apr.  7 

Nov.  10 

190 

a  Crock  frozen  over.    Measurement  made  2  miles  below  gage,  and  measured  discharge  reduced  5  per 
cent  in  order  to  give  flow  at  gage. 
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Daily  diaeharge,  in  teeond-feel,  of  CarUon  Creek  at  Surrny  Cove  for  1920. 


IHy. 

Jane. 

July, 

Aug. 

Sept. 

Oct. 

Nov. 

Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

882 
675 
590 
658 
762 

800 

882 
928 

928 
905 

800 
800 

762 
762 
745 

640 
470 
465 

561 
3,950 

2,090 
746 
545 
306 
854 

2,440 
905 
710 
545 
396 

318 
500 
«75 
658 
425 

545 

1,690 

1,180 

485 

302 

243 

196 
167 
172 

188 

306 

250 
268 

172 
124 

106 
102 
337 
812 
306 

227 
227 
247 
191 
144 

890 
1,000 
545 
265 
196 

.  396 
300 

230 
175 
124 

106 
102 

16 

780 
675 
668 

640 
606 

606 
575 
485 
455 
470 

545 
560 
545 
545 
530 
675 

320 
328 
367 
590 
515 

742 
390 
285 
234 
210 

586 
1,360 
560 
338 
270 
421 

164 
124 
164 
234 
164 

144 
124 
117 
117 
118 

118 
119 
714 
1,440 
515 

117 
96 
122 
108 
176 

214 
212 
396 
265 
172 

410 
710 
396 
223 
455 
840 

2.... 

17 

3 

18.... 
19.... 
20 

21.... 
22.... 
23.... 
24.... 
25.... 

28.... 
27.... 
28.... 
29.... 
30.... 
31 

820 
658 
660 

485 
602 
545 
401 
515 

762 

820 

840 

1,080 

1,060 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Note.— DIacharge estimated  for  foUowlngperlods  from  cunent-meter  measuiements  and  by  oomparison 
with  recorda  of  flow  for  Sweetheart  FaUs  creek,  because  stage^Uscharge  relation  was  affected  by  ice  or 
water-stage  reeocder  was  not  operating  Jan.  1-^1,  llOseoond^Bet:  Feb.  1-28^  Beoond4Bet;  Mar.  1-^1, 18 
seoond4Bet;  Apr.  1-30, 25  second-feet;  May  1-31,  240  seoond-feet;  June  1-17,  730  seoond-fMt;  Nov.  6-9,  as 
shown  in  table;  Nov.  13-30, 55  seoond-fBet;  and  Dec.  1-31, 33  second-feet. 

Monthly  diadiarge  of  Carhon  Creek  at  Sunny  Cove  for  19t0, 


Month. 


January.. 
February. 
Mardi.... 

Anril 

May 

June 

July 


Dlscfaargeln  second-feet. 


Maxi- 
mum. 


1,080 
928 


Mhii- 
mum. 


455 


Mean. 


110 

42 

18 

25 

210 

724 

687 


Run-off 
in  acre- 
feet. 


6,760 

2,420 

1,110 

1,490 

14,800 

43,100 

42,200 


Month. 


August 

September. 
October... 
November. 
December. 


The  year. 


Dlschargeln  second-feet 


Maxi- 

mum. 


3,960 

1,690 

812 

1,000 


3,060 


Mint- 
mum. 


210 

117 

98 


Mean. 


733 
414 
265 

161 
83 


289 


Run-off 
in  acre- 
feet. 


45,100 

24,600 

16,300 

9,580 

2,080 


200,000 


112 


MINBSAL  RESOURCES  OF   ATiAfiKA,  1900. 


Location. — ^At  lower  end  of  flat  basin,  above  diversion  dam  for  flume  leading  to 
Treadwell  power  house  at  beach  and  1  mile  by  tramway  and  ore  railway  from 
Thane. 

Drain AGB  area. — 4.57  square  miles  above  gaging  bridge  (measured  on  United  States 
Geological  Survey  map  of  Juneau  and  vicinity,  edition  of  1917). 

Records  available. — July  26,  1916,  to  December  31, 1920. 

Gage. — Stevens  water-stage  recorder  on  right  bank,  at  pool  formed  by  an  artificial 
control  just  below  small  island  three-tenths  mile  upstream  from  diversion  dam. 
Recorder  inspected  by  an  employee  of  the  Alaska  Grastineau  Mining  Co. 

Discharge  measurements. — At  extremely  high  stages,  made  from  gaging  bridge 
two- tenths  mile  downstream  from  gage;  at  low  stages,  made  by  wading  near 
bridge  section.  No  streams  enter  between  gage  and  measuring  section,  but 
seepage  inflow  ranges  from  a  small  amount  to  10  per  cent  of  total  flow,  the  per- 
centage of  inflow  usually  being  large  after  periods  of  heavy  precipitation. 

Channel  and  control. — ^The  station  is  near  the  lower  end  of  a  flat  basin  through 
which  the  stream  meanders  in  a  channel  having  low  banks  and  a  bed  of  sand 
and  gravel.  An  artificial  control  was  built  2  feet  below  the  intake  for  the  gage 
well,  to  confine  the  flow  in  one  channel  during  high  water  and  to  insure  a  per- 
manent stage-discharge  relation.  The  spillway  of  the  control  at  low  stages  con- 
sists of  a  timber,  16  feet  long,  set  in  the  bed  of  the  stream.  During  medium  and 
hig^  stages  another  timber,  8  feet  long,  bolted  at  the  top  near  the  right  end,  forms 
part  of  the  control.  A  3-foot  cut-off  wall  is  driven  at  the  upstream  face  of  the 
spillway.  There  are  wing  walls  at  each  end,  and  an  8-foot  apron  extends  down- 
stream from  the  control. 

Ice  . — Control  covered  with  ice  and  snow  for  short  period .  Plow  passes  through  gravel 
bed  under  and  around  weir  and  enters  creek  again  above  gaging  section  one- 
fourth  mile  down^ream. 

Extremes  op  discharge. — ^Maximum  stage  during  year,  2.41  feet  at  12.30  a.  m. 
August  6  (discharge,  458  second-fedt) ;  minimum  stage,  —0.35  foot,  on  April  13  and 
14  (discharge,  5.6  second-feet). 

1916-1920:  Maximum  stage  during  period,  3.5  feet,  at  2  p.  m.  September  26, 
1918  (discharge,  estimated  from  extension  of  rating  curve,  820  second-feet); 
minimum  flow,  1.0  second-foot,  April  6-8,  1917. 

Accuracy. — Stage-discharge  relation  below  1.2  feet  changed  January  6  because  of 
shifting  of  gravel  bed  above  the  artificial  control.  Rating  curves  used  January 
1-6  and  January  7  to  December  31  fairly  well  defined  below  700  second-feet. 

Operation  of  water-stage  recorder  satisfactory  except  for  periods  indicated  in  footnote 
to  daily-discharge  table.  Daily  discharge  ascertained  by  applying  to  rating 
table  mean  daily  gage  heights  determined  by  inspecting  gage-height  graph,  or, 
for  days  of  considerable  fluctuation,  by  averaging  discharges  obtained  by  applying 
to  rating  table  mean  gage  heights  for  regular  intervals  of  the  day.    Records  fair. 

Discharge  measurements  of  Sheep  Creek  near  Thane  during  1920. 

[Made  by  0. 11.  Canfield.] 


Date. 


Jan.  31 . 
Mar.  27 
Apr.  15 
June  10 


Qage 
height. 

Dis- 
charge. 

Sec.-ft. 

Fert. 

0.44 

13 

.07 

7.6 

-.32 

o5.7 

1.15 

103 

Dis- 
charge. 


Aug.  9. . 
Sept.  27. 
Oct.  25. 
Nov.  23. 


a  Discharge  at  gaging  section  at  bridge,  two-tenths  mUe  downstream  from  weir;  no  flow  at  weir  sectioo. 
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Daily  dudkvge^  in  seeond-feet,  of  Sheep  Creek  near  Thane  far  19tO, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oet. 

Not. 

Deo. 

1 

30 
50 
40 
30 
22 

30 

175 

108 

72 

53 

44 
34 

29 
25 
25 

23 
22 
20 
19 
18 

18 
17 
17 
16 
16 

15 
15 
14 
14 
14 
13 

18 
13 
13 
13 
13 

13 
14 
15 
15 
15 

16 
15 
15 
15 
14 

15 
16 
19 
19 
19 

19 
18 
18 
17 
17 

16 
16 
15 
14 

....... 

10 
9.8 
9.6 

9.3 
9.1 
9.1 
8.9 

8.8 

8.7 
8.5 
8.4 
8.2 
8.0 

8.0 
7.7 
7.5 
7.3 
7.2 
6.9 

6.8 
6.7 
6.6 
6.5 
6.4 

6.2 
6.1 
6.0 
5.9 
5.8 

5.8 
5.7 
5.7 
5.6 
5.7 

5.8 
5.9 
6.1 
6.2 
6.2 

6.4 
6.6 
6.8 
7.2 
7.7 

8.6 
11 
14 
19 
22 

22 
25 
25 
25 

24 

22 
.  22 
20 
22 
25 

35 
39 
41 
39 
53 

74 
63 
68 
56 

47 

45 
48 
48 
54 
56 

56 
63 
77 
86 
96 
101 

106 
121 
144 
146 
151 

138 
126 
121 
113 
106 

106 
108 
103 
106 
115 

113 
108 
126 
101 
88 

84 
98 
86 
TT 
79 

115 
118 
126 
166 
192 

151 
121 
108 
108 
108 

108 
108 
113 
108 
100 

96 
>92 

88 
84 
88 

82 
79 
77 
70 
70 

70 
61 
58 
53 
53 

56 
61 
61 
61 
58 
96 

84 
61 
58 

72 
238 

226 

115 

85 

68 

70 

216 

115 

91 

77 

61 

53 
48 
53 
82 
72 

101 
60 
50 
44 
43 

72 
74 
63 
53 
48 
51 

47 
53 
77 
61 
53 

n 

151 

136 

96 

77 

63 
54 

47 
43 
43 

89 
39 
45 
45 
39 

34 
30 
28 
26 
24 

24 
23 
56 

77 
60 

50 
45 
45 
35 
32 

28 
26 
58 
96 
56 

51 
50 
50 
48 
41 

39 
33 
80 
29 

41 

39 
43 
58 
43 
39 

84 
101 

72 

60 
121 

84 

118 

134 

101 

82 

74 

121 
82 
68 
60 
50 

41 
36 
30 
28 
28 

25 
24 
22 
22 
22 

21 
19 
18 
18 
17 

17 
17 
17 
17 
16 

16 

2 

16 

3 

15 

4 

14 

5 

14 

e 

13 

7 

13 

8 

13 

9 

12 

10 

12 

11 

12 

12 

12 

13 

12 

14 

12 

11 

11 

i7 

10 

10 

19 

11 

11 

10 

22 

10 

23 

10 

24 

9 

9 

8 

27 

9 

9 

29 

9 

10 

31 

10 

Note. — ^Water-stage  recorder  not  operating  for  following  periods;  diadiarge  estimated  by  oomperiaon 
with  hydrograpbe  and  records  of  flow  for  streams  In  near-by  drainage  basins:  Jan.  1-7.  Jan.  18-30.  and 
Feb.  2^29,  as  shown  in  table;  Mar.  1-11,  112  second-feet;  May  8-11,  July  9-13,  Sept.  18-26,  and  Dec.  17-31, 
as  shown  in  table. 

Monthly  discharge  of  Sheep  Creek  near  Thane  for  19t0. 


Month. 


January. . 
Februtfy. 

March 

Anrfl 

May 

June 

July 


Discharge  in  second-feet. 


Maxi- 
mum. 


175 
19 


22 
101 
192 
151 


Mini- 
mum. 


13 

13 
6.9 
5.6 

20 

77 

53 


Mean. 


33.5 

15.5 
0.81 
7.70 

47.6 
116 

85.5 


Run-off 
in  acre- 
feet. 


2,060 

892 

603 

458 

2,930 

6,900 

5,200 


Month. 


August 

September 

October 

NoTjmber 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


238 
151 
121 
134 
16 


238 


Mini- 
mum. 


43 
23 
26 
16 
8 


5.6 


Mean. 


84.0 
55.6 
52.2 
44.7 
11.4 


Run-off 
in  acre- 
feet. 


47.1 


5,160 
3,310 
3,210 
2,600 
701 


34,100 


GOLD  ORKBK  AT  jmrXAXJ. 

Location.— At  highway  bridge  at  lower  end  of  Last  Chance  baam,  200  feet  upetream 

from  diveraion  dam  of  Alaska  Electric  Light  d  Power  Co.  and  one-fourth  mile 

from  Juneau. 
Drainaob  arba. — 9.47  square  miles  (determined  by  engineering  department  of  Alaska 

Grastineau  Mining  Co.  from  surveys  made  by  that  company. 
Records  AVAiLABLB.-^uly  20, 1916,  to  December  31, 1920. 
Gage. — Stevens  continuous  water-stage  recorder  on  left  bank  at  upstream  side  of  hi^- 

way  bridge. 

63963**— 22- 
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DiscHARGB  MSA8URBMBNTB. — ^At  medium  and  high  8tag«B  made  from  gaging  bridge 
suspended,  at  right  angles  to  current,  from  floor  of  highway  bridge;  at  low  stagOB 
made  by  wading  near  gage. 

Channrl  and  control.— Station  is  at  lower  end  of  a  flat  gravel  basin  three-fourths 
mile  long.  For  20  feet  upstream  from  gage  the  stream  is  confined  between  the 
abutments  of  an  old  bridge  and  for  15  feet  downstream  it  is  confined  between  the 
abutments  of  present  bridge.  For  a  distance  of  130  feet  farther  downstream  the 
stream  is  confined  in  a  narrow  channel  which  is  not  subject  to  overflow.  Because  of 
the  steep  gradient  of  channel  opposite  and  for  150  feet  below  gage,  a  short  stretch 
of  the  channel  immediately  below  the  gage  acts  as  the  control.  The  operation  of 
the  headgates  of  flume  at  diversion  dam,  200  feet  downstream,  does  not  afTect  the 
stage-dischaige  relation  at  gage,  but  the  swift  current  during  high  stages  shifts  the 
gravel  in  bed  of  stream,  thereby  causing  changes  in  the  stage-dischaige  relation. 

EXTRKMES  OF  DiscHAROB. — ^Maximum  stage  during  year,  5.0  feet  August  5  (dischaige 
estimated  from  extension  of  rating  curve,  1,600  second-feet);  tninimnm  dischaige, 
1.5  second-feet  AprU  10. 

1916-1920:  Maximum  stage,  6.8  feet  September  26,  1918  (dischaige  estimated 
from  extension  of  rating  curve,  2,600  second-feet) ;  minimum  dischaige,  0.9  second- 
foot  March  26,  1918. 

ICB. — Stage^lischarge  relation  affected  by  ice  January  13  and  March  30. 

DiVBRSioN.— Water  diverted  at  several  points  upstream  for  the  development  of  power 
is  returned  to  creek  above  gage,  except  about  20  second-feet  for  seven  months 
(when  there  is  a  surplus  over  amount  used  by  Alaska  Electric  light  &  Power  Co., 
which  has  prior  right)  and  1  second-foot  the  remainder  of  year,  used  by  the  Alaska- 
Juneau  Gold  Mining  Ck).  A  dam  200  feet  downstream  diverts  water  into  the  flume 
of  the  Alaska  Electric  Light  &  Power  Oo. 

Rboulation. — No  storage  or  diversions  above  station  regulate  the  flow  more  than  a 
few  houn  in  low  water. 

Acx^URACY. — Stage-dischaige  relation  changed  during  periods  of  high  water;  11  dis- 
chaige measurements  made  during  year,  by  use  of  which  rating  curves  have  been 
constructed  applicable  as  follows:  January  1-7,  poorly  defined ;  January  8  to  Aug. 
5,  August  6  to  September  27,  September  28  to  November  1,  and  November  2  to 
December  31,  fairly  well  defined  below  and  poorly  defined  above  200  second-feet 
Operation  of  water-stage  recorder  satisfactory  except  for  periods  indicated  in  foot- 
note to  daily  discharge  table.  Daily  discharge  ascertained  by  applying  to  rating 
table  mean  daily  gage  heights  determined  by  inspecting  gage-height  graph,  or, 
for  days  of  considerable  fluctuations,  by  averaging  discharges  obtained  by  apply- 
ing to  rating  table  mean  gage  heights  for  equal  intervals  of  the  day.    Records  fair. 


Discharge  meaavremenU  ofQold  Creek  at  Juneau  during  1920. 

[Made  by  O.  H.  Ganfleld.] 


Date. 


Jan.  19. . 

80a 
Mar.  26. 
Apr.  10. 

30. 
May  27. 


Oace 
height. 

Dig. 
charge. 

Fea. 

S^.'ft. 

0.79 

19. 

.68 

9.8 

.47 

2.3 

.40 

1.6 

.91 

30 

1.33 

83 

Date. 


June  25. 
Aug.  16. 
Sept.  27 
Oct.  29. 
Dec.  20. 


Dls- 
<iiarge. 


a  Control  and  measuring  section  froien  over. 
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DaUff  dikharge^  in  9eoo>nd-fut,  of  Gold  Creek  at  Jrmeoufor  19t0. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Got. 

Nov. 

Deo. 

1 

45 

74 
69 
41 
33 

43 
434 

162 
82 
62 

48 
88 

9 
9 
9 
9 
10 

14 
21 
17 
15 
17 

19 
18 
12 
11 
11 

19 
80 
82 
19 
19 

15 
14 
13 
11 
10 

9.2 

8.6 
8.6 
8.6 

7.0 
6.1 
5.8 
5.6 
5.4 

5.2 
5.0 
4.8 
4.8 
4.8 

5.2 
5.7 
4.8 
4.8 
8.0 

8.4 

3.9 
8.0 
3.0 
8.0 

2.7 
2.7 
2.7 
2.4 
2.4 

2.5 
2.5 
2.5 
2.5 
2.1 
1.9 

1.8 
1.7 
1.7 
1.7 
1.6 

1.6 
1.6 
1.5 
1.5 
1.5 

5.0 
20 
15 
10 

8.0 

7.0 
6.0 
5.7 
5.7 
6.2 

6.2 
5.7 
6.2 
8.6 
19 

31 
83 
83 
30 
33 

36 
87 
85 
83 
29 

28 
26 
35 
26 
83 

52 
56 

50 
61 
90 

75 
91 
00 
58 
56 

63 

65 
73 
76 
76 

80 
91 
105 
121 
136 
149 

171 
198 
245 
263 
279 

263 
220 
217 
220 
225 

212 
212 
196 
219 
248 

370 
245 
817 
248 
208 

180 
225 
196 
164 
178 

301 
317 
327 
413 
480 

343 
270 
234 
264 
285 

307 
334 
350 
334 
317 

291 
276 
263 
254 
270 

200 
240 
337 
225 
219 

225 
212 
188 
160 
178 

206 

214 
219 
219 
206 

334 

301 
173 
162 
235 
1,000 

620 
280 
206 

220 
168 

880 
432 
180 
127 
108 

108 
06 
181 
274 
192 

295 

143 

96 

78 

72 

192 
378 
214 
147 
127 
173 

148 

220 
3f2 
295 

178 

220 
652 
510 
265 
168 

187 

116 

106 

94 

91 

96 
75 
75 
96 
75 

68 
61 
44 

41 
38 

85 

30 
185 
325 
187 

92 

78 
83 
53 

46 

89 

36 

83 

262 

114 

83 
75 
75 
67 
56 

44 

36 

30 

29 

.  42 

68 
48 

88 
78 
61 

196 
262 
122 
83 
219 
137 

206 
480 
306 
196 
190 

881 
222 
160 
126 
102 

79 
65 

58 
» 

56 

46 
44 
48 
42 
89 

87 
88 
80 
29 
28 

•   25 
23 
88 
29 
26 

19 

2 

17 

S 

19 

4 

19 

5 

17 

6 

17 

7 

16 

8 

15 

0 

14 

10 

12 

11 

11 

12 

10 

18 

10 

14 

8.5 

7.0 

7.5 

17 

8.0 

10 

19 

19 

10 

10 

9.5 

22 

8.0 

23 

6.0 

34 

5.6 

6.0 

6.0 

27 

7.5 

8.5 

29 

8.5 

9.8 
9.0 

8.5 

31 

8.5 

NoTS.— DiBcbargB  estimated  from  discbarge  measurements,  oUmatio  data  at  Juneaa,  and  by  oompartoon 
with  hydronapba  for  streams  in  near-by  drainage  basins  for  following  periods,  because  of  unsatisfactory 
operation  of  water-stage  recorder:  Jan.  13>18,  28  second-feet;  Jan.  20-^,  14  aecond-fcet;  Jan.  80,  Feb.  l-^, 
liar.  3-7,  Mar.  30-31,  Apr.  1-9,  and  Apr.  11-17,  as  shown  in  table.  Discharge,  May  26,  interpolated:  Aug. 
1-12  and  Oct.  23-25,  determined  from  gage-hei^t  graph  drawn  by  comparison  with  that  for  Carlaon  C^eei. 

Monthly  discharge  of  Gold  Creek  at  Juneau  for  19tO, 


Month. 


January. 

February. 

March... 

^:::: 

June..... 
July 


Discharge  in  second-feet. 


Maxi- 
mum. 


434 

32 
7 

83 
149 
480 
850 


Mini- 
mum. 


8.6 
1.9 
1.5 

25 

164 

169 


Mean. 


47.6 
14.4 
8.91 
10.4 
64.5 

248. 

256. 


Run-off 
in  acre- 
feet. 


2,930 

828 

240 

619 

3,970 

14,800 

15,700 


Month. 


August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,000 

552 

263 

480 

19 


1,000 


Mhil- 
mum. 


72 
80 
29 

23 
5.6 


1.5 


Mean. 


252 
161 

89.7 
106 

ILO 


106 


Run-off 
in  acre- 
feet. 


15,500 

9,580 

5,520 

6,310 

676 


76,700 


ORE  DEPOSITS  OF  THE  SALMON  RIVER  DISTRICT,  PORTLAND 

CANAL  REGION. 


By  Lewis  G.  Westgatb. 


INTBODUCTION. 

f 

Portland  Canal,  a  steep-walled  fiord,  penetrates  the  Coast  Range 
for  some  90  miles  from  Dixon  Entrance,  at  the  southern  boundary 
of  Alaska,  cutting  obliquely  across  the  trend  of  the  mountains. 
This  great  trench  through  the  mountains  is  extended  northward  by 
the  alluyium-fioored  valley  of  Bear  River,  which  reaches  far  back 
into  the  upland  beyond  the  Coast  Range  (%.  1).  At  2  miles  from 
its  head  Portland  Canal  is  joined  on  the  west  by  Salmon  River, 
the  mineral  deposits  of  whose  basin  are  here  described.  The  valleyB 
of  Salmon  and  Bear  rivers  are  separated  by  the  Reverdy  Moimtains, 
a  southward-trending  spur  of  the  main  range.  At  the  seaward  end 
of  this  spur  is  the  settlement  of  Hyder,  which  has  a  population  of  a 
few  hundred  people  and  is  the  ocean  port,  supply  point,  and  post 
office  of  the  Salmon  River  district.  Its  location  is  on  the  interna- 
tional boundary,  and  the  steep  slope  immediately  to  the  north  has 
crowded  the  settlement  onto  the  tidal  flats,  wh^e  it  is  in  part  built 
on  piles.  The  newer  part  of  the  town,  however,  is  in  a  better  loca- 
tion to  the  northwest,  on  the  gravel-floored  Salmon  River  valley. 
Two  miles  to  the  nortiieast  is  the  town  of  Stewart,  on  the  British 
Colimibia  side  of  the  boundary.  Though  older  than  Hyder,  it  has 
about  the  same  population.  The  Salmon  River  region  forms  the 
southeastern  part  of  the  Ketchikan  district. 

Metal-bearing  lodes,  chiefly  of  gold  and  silver,  were  found  in  the 
Canadian  portion  of  this  region  about  1898,  and  similar  discoveries 
had  been  made  on  the  Alaska  side  of  the  boundary  by  1901.  These 
deposits  received  relatively  little  attention  until  1909,  when  a  small 
boom  was  started  in  the  Canadian  district.  This  boom  subsided  in 
a  few  years,  but  meanwhile  the  town  of  Stewart  and  some  12  miles 
of  railroad  were  built.  Interest  was  revived  in  1917  by  the  dis- 
covery of  some  rich  silver  ores  on  the  Canadian  side  of  the  line,  and 
in  1918  a  commercial  ore  body  was  found  at  the  Premier  mine, 
which,  though  in  the  Salmon  River  basin,  is  also  in  Canada.  As  a 
result,  many  claims  were  staked  on  both  sides  of  the  boundary,  and 
the  town  of  Hyder  sprang  up.  The  upper  part  of  the  Salmon  River 
basin  lies  in  Canada,  but  its  only  practical  mode  of  access  is  through 

117 


118  MINEBAL  BESOX7BCB8  OF  ALASKA,  !»»>. 


Alaska.  (See  fig.  1.)  TUs  lack  of  adjustment  of  the  international 
boundary  to  the  topography  gives  Hyder  a  much  greater  impor- 
tance than  it  would  have  if  it  served  only  the  Alaska  portion  of  the 
district.  Though  no  mines  have  been  developed  on  the  Alaska 
side,  numy  claims  have  been  staked,  and  on  some  of  these,  as  will 
be  shown,  considerable  work  has  been  done  during  the  last  two 
years. 

In  view  of  the  fact  that  the  geologic  features  on  the  two  sides  of 
the  boundary  were  known  to  be  essentially  the  same,  there  appeared 
to  be  good  hope  that  commercial  ore  bodies  might  be  found  in  the 
Salmon  River  district.  For  this  reason  the  writer  imdertook  a 
geologic  exfunination  of  *the  region,  a  task  which  occupied  him  from 
July  19  to  August  17,  1920.  Though  the  salient  features  of  the 
geology  are  simple,  the  heavy  vegetal  cover  below  timber  line  greatly 
enhances  the  difficulties  of  field  examination  and  increases  the  work 

of  the  prospector.' 

TOPOGRAPHY. 

The  region  is  one  of  mountainous  topography  and  high  relief. 
The  floor  of  Salmon  River  and  of  its  principal  tributary,  Texas 
CSreek,  rises  from  sea  level  to  about  500  feet  where  they  issue  from 
their  glacier  sources.  From  these  low  valley  altitudes  the  moun- 
tains  rise  steeply  and  in  places  by  imscalable  cliffs  to  heights  between 
5,000  and  6,000  feet.  The  highest  points  within  the  area  examined 
are  a  little  over  6,500  feet  above  the  sea.  The  only  level  land  in  the 
district  consists  of  the  gravel-floored  bottoms  along  Salmon  River 
and  Texas  Creek  The  lower  slopes,  up  to  3,000  feet  or  more,  are 
covered  with  forest;  at  higher  levels  the  mountains,  where  no  covered 
by  snow  fields  and  glaciers,  are  largely  bare  rock.  Even  the  nar- 
rower ridges  along  Portland  Canal  and  the  lower  parts  of  Salmon 
River  carry  snow  fields  and  small  summit  and  cliff  glaciers,  and 
farther  inland  the  larger  valleys  reach  above  snow  line  and  serve  as 
collecting  basins  for  extensive  ice  fields,  the  sources  of  large  valley 
glaciers.  The  snow  line  stands  at  about  4,500  feet,  and  the  glaciers 
descend  within  500  feet  of  sea  level. 

CUMATE. 

Portland  Canal  lies  within  the  Pacific  coast  climatic  province,  an 
area  of  abimdant  rainfall  and  comparatively  moderate  temperature 
due  to  prevailing  westerly  winds  from  the  Pacific  Ocean.  The 
annual  precipitation  at  Fort  Tongass,^  near  the  entrance  to  Portland 
Canal,  is  about  130  iaches;  at  the  head  of  the  canal  it  is  less,  possi- 
bly not  far  from  100  inches.  The  least  rainfall  occurs  late  in  spring 
and  early  in  summer,  and  abundant  rains  set  in  by  September. 

1  Brooks,  A.  H.,  The  (eograpliy  and  geology  of  AlaikK  U.  S.  0«qL  Bamj  PratPapv  45,  pp. 
18^165, 1M6. 
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From  November  to  March  the  precipitation  is  in  the  form  of  snow. 
The  summers  are  not  hot,  and  the  temperature  seldom  drops  much 
below  zero  in  winter. 

COMMEBCIAIi  CONBITIONS. 

Hyder,  bemg  on  tidewater,  is  readily  accessible  throughout  the 
year  to  lai^  ocean  vessels,  but  in  1920  Hyder  had  no  wharf,  and  all 
freight  was  landed  by  scows.  Provisions  can  be  purchased  in  both 
towns,  and  more  elaborate  equipment  can  be  brought  from  Ketchikan, 
with  which  there  is  communication  about  twice  a  week  by  means  of 
gasoline  boat  The  distance  from  Hyder  to  Ketchikan  is  155  miles 
by  the  water  route.  Stewart  has  steamer  communication  with  Prince 
Rupert,  British  Columbia,  135  miles  distant. 

Travel  inland  is  difficult,  except  along  the  few  established  roads 
and  trails.  The  best  road  in  the  region  is  the  one  connecting  Hyder 
and  Stewart  (2  miles) ,  which  is  suitable  for  automobiles. 

Salmon  River  and  Texas  Creek  are  swift  and  practically  impassable 
streams,  which  effectually  divide  the  coimtry  through  which  they 
run.  Texas  Creek  and  Salmon  River  south  of  Ninemile  flow  in  a 
network  of  channels  through  a  broad  valley  bottom  floored  with 
coarse  gravels.  A  road  has  been  constructed  up  the  east  side  of  the 
Salmon  to  Elevenmile  and  thence  to  the  Premier  mine,  in  Canadian 
territory.  Except  at  a  few  points  where  it  is  forced  to  the  valley 
side  by  eastward  swings  of  the  river,  the  road  follows  the  bottoms 
and  is  therefore  subject  to  overflow  and  washout,  as  was  well  shown 
in  the  high-water  stages  of  August,  1920.  Above  Elevenmile  the 
road  is  on  the  valley  slope.  From  the  road  three  pack  trails  branch 
off,  one  in  Canada  to  the  Big  Missouri  and  neighboring  properties, 
one  at  Elevenmile  to  the  New  Alaska  property,  and  one  up  Fish 
Creek  to  the  Watkins  and  Tonkin  properties. 

The  -only  crossing  of  Salmon  River  ia  a  footbridge  at  Ninemile. 
From  this  point  a  foot  trail  leads  to  Texas  Glacier  and  thence  by  a 
low  saddle  3  miles  above  the  mouth  of  the  creek  to  Salmon  Glacier. 
Most  of  the  prospecting  in  the  region  is  done  by  men  who  pack  their 
outfits  on  their  backs  through  coimtry  where  there  is  not  even  a 
foot  trail. 

The  valley  bottoms  and  mountain  slopes  up  to  3,500  feet  are  heavily 
forested,  cluefly  with  hemlock  and  spruce.  In  the  valley  bottoms 
and  on  the  lower  slopes  there  is  good  timber  in  sufficient  abundance  for 
mining  and  other  local  needs. 

As  yet  there  has  been  no  demand  for  water  power,  and  the  pos- 
sibilities of  developing  it  have  not  been  closely  scrutinized.  Fish 
Creek  and  its  tributary,  Skookum  Creek,  the  largest  of  the  small 
streams,  descend  rapidly  and  are  worth  consideration  as  sources,  of 
power.  There  are  no  accurate  records  of  their  flow,  which  is  greatly 
diminished  in  winter.  The  other  streams  in  Alaska  east  of  Salmon 
River  are  small  and  probably  without  value  for  power. 
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FUBUCATIONS. 

The  following  references  may  prove  useful  to  those  wishing  further 
information  on  the  geolc^c  features  and  ore  deposits  of  the  region. 

Reportt  relating  to  Akuhan  part  ofPortkmd  Qtrud  region, 

PTRliminary  report  on  the  Ketdiikan  mining  district,  Alaska,  with  an  introductoiy 
eketdi  of  the  geology  of  BoutheasteniAlaaka,  by  Alfred  H^Brooln:  U.  8.  Ged.  Sur- 
vey Prof.  Paper  1, 1902. 

The  Ketchikan  and  Wrangell  mining  districtB,  Alaska,  by  F.  E.  and  G.  W.  Wri^t. 
U.  S.  Geol.  Survey  Bull.  347,  pp.  1-210,  1908. 

Notes  on  the  Salmon-Unuk  River  region,  by  J.  B.  Mertie,  jr. :  XJ.  S.  GeoL  Bmvey  BuU. 
714,  pp.  129-142, 1921. 

Mining  developments  in  southeastern  Alaska,  by  Theodoie  Gbiyriii:  U.  8.  GeoL 
Survey  Bull.  642,  pp.  94-98, 1916. 

Reports  relating  to  Canadian  part  of  Portland  Oanal  region. 

Portions  of  Portland  Canal  and  Skeena  mining  divisions,  Skeena  district,  B.  C,  by 

R.  G.  McConnell:  Canada  Geol.  Suivey  Mem.  32,  1913. 
Northwestern  district  (No.  1),  by  Geo.  A.  Clothier:  British  Columbia  Minister  of  Mines 

Ann.  Rept.  for  1917,  pp.  68-73,  1918. 
Northwestern  district  (No.  1),  by  Geo.  A.  Clothier:  British  Columbia  Minister  of  Mines 

Ann.  Rept.  for  1918,  pp.  76-83, 1919. 
Northwestern  district  (No.  1),  by  Geo.  A.  Clothier:  British  Columbia  Minister  of  Mines 

Ann.  Rept.  for  1919,  pp.  61-80, 1920. 
Salmon  River  district,  Portland  Canal  mining  division,  B.  C,  by  J.  J.  O'NeiU:  Canads 

Geol.  Survey  Summary  Rept.,  1919,  pt.  B,  pp.  7b-12b,  1920. 
The  Premier  gold  mine,  Portland  Canal,  B.  C,  by  Charles  Bunting:  Min.  and  So. 

PresB,  vol.  119,  pp.  670-672, 1919. 
The  geology  of  the  Portland  Canal  district,  by  Victor  H.  Wilhelm:  Min.  and  Sci.  Preaa, 

vol.  122,  pp.  96-96,  1921. 
The  Salmon  River  district,  B.  C,  by  S.  J.  Scofield  and  George  Hanson:  Canada 

Geol.  Survey  Summary  Rept.  for  1920,  pt.  A,  pp.  6a-12a,  1921. 

GEOIiOGT. 

OBKBBaX  FBATUBBS. 

The  Salmon  River  district  lies  on  the  eastern  margin  of  the  great 
Coast  Range  batholith,'  which  paraUels  the  shore  line  of  British 
Columbia  and  southeastern  Alaska  from  the  United  States  and 
Canada  boimdary  nearly  to  the  meridian  of  Mount  St.  Ellas,  a  dis- 
tance of  some  lylOO  miles.  It  ranges  in  width  from  20  to  110  miles 
and  is  the  largest  batholith  on  the  American  continent.  It  is  gener- 
aUy  believed  that  this  great  mass  was  intruded  in  Jurassic  time  and 
probably  chiefly  in  Middle  and  Upper  Jurassic  time.^ 

A  reference  to  the  map  (fig.  1)  will  show  that  the  inland  margin 
of  the  batholith  is  irregular  and  invades  the  volcanic  and  sedimen- 

s  The  tenn  ''bathoUth"  Is  applied  to  bodies  of  igneous  rook  which  occupy  considerable  areas  and  which 
widen  downward.  Unlike  sheets  and  laoooUths,  they  are  not  known  to  be  bottomed  by  other  rooks. 
S.  A.  Daly  (Igneous  rooks  and  their  origin,  p.  80,  Mew  York,  1U4)  proposed  that  this  term  be  used  for 
large  bodies,  over  40  square  miles  in  area,  and  that  the  tenn  "stock"  be  reserved  for  the  smaller  bodies. 

te  Since  the  above  was  written  Scofield  and  Hanson  have  reported  the  oocoirenoe  of  MesoBolo  fosrik, 
probably  Jorasilc,  in  the  Nass  formatioo:  Canada  Oeol.  Survey  Summary  Bept.  far  IflOO,  pt.  A,  p.  % 
1031. 
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tat7  fomiatioiis  that  lie  to  the  east.    On  the  Canadian  side  of  the 
boundary,  as  shown  by  McConnell's  map,*  there  are  some  outliers  of 


Contour  interval  Ij300feet 


granite  within  the  area  occupied    chiefly    by  volcanic  rocks  and 
sediments. 

•Cv«d»  Osd.  Surrer  linn.  33,  ISU. 
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Only  the  following  formations,  in  descending  order,  occur  in  the 
Salmon  River  district: 

1.  The  gravel  filling  of  the  Salmon  River  valley. 

2.  Intnuive  rocks  of  the  hatholith,  chiefly  of  granitic  t3rpe,  with,  accompanying 
dikeB. 

3.  A  serieB  of  greenstoneB,  which  lie  northeast  of  the  hatholith  and,  heing  cut  by 
the  granite  rocks,  are  therefore  older. 

.  In  the  region  east  of  the  boundary  McConnell  has  recognized  three 
bedrock  formations  in  addition  to  the  intrusives.  These  are,  in 
descending  order: 

1.  NasB  formation.    Mostly  aigillites  with  some  tuCEaceous  sandstones. 

2.  Bear  River  fonnation.    Chiefly  massive  frsgmental  greenstone. 

3.  Bitter  Creek  formation.    Aigillites  with  some  tufifs  and  limestones. 

Certain  greenstones  on  the  Alaska  side  are  regarded  as  the  equiva- 
lent of  MdConnell's  Bear  River,  with  the  reservation  that  some  of 
the  other  formations  may  be  included  also. 

aBBBHBTONBB  AND  ASSOCIATED  BOCKS. 

Between  the  lower  slopes  of  the  Reverdy  Mountains  and  the  inter- 
national boundary  is  a  triangular  area  in  which  the  bedrock  is  chiefly 
greenstone  (fig.  1).  The  dominating  rock  within  this  area  is  a  soft 
green  and  gray  rock  of  indeterminate  origin,  but  with  it  occur  better- 
defined  tuffs  and  breccias.  These  rocks  are  believed  to  be  more  or 
less  altered  volcanic  rocks  and  from  their  prevailing  color  may  be 
conveniently  grouped  together  as  ^'greenstones."  On  the  Alaska 
side  of  the  boundary  the  greenstones,  owing  to  their  proximity  to 
the  intrusives,  are  more  highly  altered  than  to  the  east,  where  their 
true  character  is  more  evident.  It  will  be  well,  therefore,  to  quote 
McConnell,^  who  describes  them  as 

A  series  of  massive  and  fngmental  volcanics  many  thousands  of  feet  in  thicknea, 
evidently  representing  the  product  of  a  long-continued  period  of  volcanic  activity. 
The  rodoi  have  a  general  greenish  coloration,  except  in  a  few  areas  where  they  are 
reddened  by  the  oxidation  of  their  iron  content. 

The  rocks  *  *  *  have  a  wide  range  and  include  porphyrites  of  various  kinds, 
mostly  of  hypabyssal  origin,  volcanic  breccias  and  agglomerates,  tuffs,  and  occaaioiiil 
argillaceous  bands.  Small  areas  in  various  parts  of  the  district  have  been  silidfied 
and  altered  into  a  cherty  condition. 

The  fragmentals  occur  as  tuffq  and  volcanic  breccias  and  agglomerates.  The  taSa 
are  made  up  largely  of  feldspar  crjrstals,  often  broken,  quartz  grains,  and  minute 
rock  fragments  lying  in  a  dark  fine-grained  mat  and  are  often  difficult  to  distingiiiA 
in  the  field  from  the  massive  porphyrites.  The  breccias  exhibit  considerable  diver- 
sity in  character  and  probably  originated  in  different  ways.    *    *    * 

Occasional  dark  argillaceous  bands  occur  with  both  the  massive  and  fragmenUl 
members  of  the  Bear  River  volcanic  group,  apparently  indicating  that  sedimentatioo 
occurred  at  intervals  during  the  whole  period  of  its  accumulatian. 

«Op.0it.,pp.l4-16. 
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^le  rocks  of  the  Bear  Biver  fonnatian  usually  occur  in  a  masedve  condition  but  in 
places  *  *  »  have  yielded  to  crushing,  and  a  strong  schistosity  approximately 
paralleling  the  eastern  edge  of  the  Coast  Range  batholith  and  dipping  towards  it  baa 
developed. 

The  fragmental  varieties  *  *  *  are  seldom  distinctly  bedded  or  banded  and 
are  often  remarkably  unifonn  in  compositiQn  through  sections  many  hundreds  of  feet 
in  thickness. 

McConnell  was  able  to  make  no  close  age  detennination  of  the  Bear 
River  formation  other  than  that  it  was  pre-Cretaceous,  on  the  evi- 
dence that  the  granitic  intmsives  were  later.  In  lithology  the  green- 
stones of  the  Salmon  River  district  resemble  certain  Jurassic  rocks 
of  the  islands  to  the  west,^  and  this  resemblance  suggests  that  they 
are  of  early  or  loiddle  Mesozoic  age. 

The  different  types  noted  by  McConnell,  with  the  exception  of 
the  porphyrites,  were  recognized  on  the  Alaska  side  of  the  boundaryi 
though  with  their  original  character  more  or  less  veiled  toward  the 
contact  and  obscured  still  more,  by  mineralization,  at  the  mining 
prospects.  Excellent  tuffs  and  breccias,  clearly  recognizable  as 
such  both  in'  hand  specimens  and  under  the  microscope,  are  found 
along  the  international  line  between  Elevenmile  and  the  head  of 
Fish  Creek,  and  large  boulders  of  the  conspicuously  marked  breccia 
are  abundant  in  the  lower  parts  of  the  valleys  heading  against  the 
divide.  Throughout  most  of  the  area,  however,  the  greenstone  is  a 
gray  or  green  fine-grained  soft  calcareous  rock,  indistinctiy  banded 
and  specked  with  minute  grains  of  pyrite.  Thin  sections  show  aggre- 
gates of  quartz,  calcite,  sericite,  chlorite,  and  feldspar  and  usually 
pyrite  and  leucoxene  or  granular  titanite.  The  micas  are  not  abun- 
dant enough  to  give  foUation. 

The  rock  is  rather  uniform  over  considerable  areas  and  ordinarily 
does  not  show  any  structure  in  the  outcrop.  Neither  in  the  outcrop 
nor  in  the  thin  section  is  the  original  character  of  the  rock  to  be  seen. 
Areal  variability  in  some  thin  sections  suggests  a  tuff.  There  is 
nothing  to  suggest  sedimentary  origin.  The  uniformity  of  the  rock 
and  its  mineral  character  indicate  that  it  is  probably  either  an  altered 
tuff  or  a  lava. 

Near  the  mines  and  prospects  the  mineralization  has  been  much 
more  intense;  indeed,  the  existence  of  the  ores  is  a  direct  residt  of  this 
mineralization.  This  is  shown  in  the  increase  of  silica  to  so  great  an 
extent  that  the  rock  is  in  places  nearly  a  quartzite  and  in  the  abim- 
dance  of  pyrite,  sphalerite,  and  galena  and,  in  another  type  of  occiir- 
rence,  of  pyrite,  pyrrhotite,  and  chalcopyrite,  the  rock  locally  becom- 
ing an  ore. 

At  a  few  points  along  the  road  above  Texas  Creek  occur  black 
argillites,  which  are  clearly  of  sedimentary  origin  and  which  may  be 

»Chap^I^TIlgodiOre,ThaBtroBt^aeandBt^^t^graphyolQr»▼^^  Almtn-  U.S. 

Q90L  Qarytij  PmC  Paper  120,  p.  86, 1918. 
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interbedded  in  the  tuffs.  None  of  the  conspicuously  porphyritic  por- 
phyrites  mentioned  by  McConnell  were  seen,  though  finely  porphy- 
ritic varieties  are  probably  represented  by  some  of  the  greenstones. 
As  it  is  difficult  to  destroy  the  structure  of  a  porphyry  completely, 
the  general  absence  of  any  recognizable  porphyritic  structure  in  the 
greenstones  is  taken  to  mean  that  most  of  them  are  tuffs. 

On  Mount  Dolly,  at  the  south  end  of  the  greenstone  area,  the  rocks 
are  well  bedded  and  are  apparently  sedimentary  rocks,  which  strike 
between  northwest  and  west  and  dip  70®  N.  They  are  in  part  dark- 
gray  or  green  fine-grained  rocks  with  abundant  pyrite,  which  pro- 
duces the  conspicuous  red  color  that  the  rocks  show  on  weathering. 
Toward  the  top  of  Mount  Dolly  and  nearer  the  granite  contact  the 
rocks  become  coarser-grained  banded  gneisses,  characterized  in  the 
different  layers  by  varying  amounts  of  fine-grained  hornblende, 
biotite,  and  epidote.  The  gneiss  is  cut  both  parallel  with  and  across 
the  bedding  planes  by  narrow  veinlike  bands  of  quartz,  with  epidote 
and  some  garnet.  The  relation  of  these  rocks  to  the  tuffs  farther 
north  was  not  ascertained.  If  they  are  members  of  McConnell's 
Bear  River  formation,  it  here  comprises  many  hundred  feet  of  sedi- 
mentary rocks,  now  well  metamorphosed. 

OBANITB  OF  THB  COAST  BANQE. 

Much  the  larger  part  of  the  Salmon  River  district  is  occupied 
by  the  intrusive  rocks.  These' intrusives,  here  collectively  termed 
granite,  range  in  lithology  from  diorite  and  granodiorite  to  granite.* 
The  contact  between  the  granite  and  the  greenstone  to  the  northeast 
(fig.  1)  crosses  the  Reverdy  Mountains  and  the  international  boundary 
a  little  south  of  Mount  Dolly,  at  an  elevation  of  4,500  feet.  Thence 
it  can  be  followed  with  ease  to  a  point  west  of  Moimt  Dolly,  where  it 
takes  a  course  nearly  due  north.  From  this  point  to  the  place  where 
it  again  crosses  into  Canadian  territory  the  contact  can  not  be  located 
with  accuracy,  in  part  because  of  a  heavy  cover  of  forest  vegetation 
and  rock  slides  and  in  part  because  of  the  occurrence  in  the  green- 
stones of  numerous  dikes  of  granite  porphyry,  many  of  them  wide. 
Where  vegetation  covers  the  more  easily  weathered  and  hence  lower 
greenstones,  it  is  often  difficult  to  determine  whether  the  rock  is  a 

•  The  term  "  granite/'  commonly  applied  to  the  rock  of  this  hathoUth,  is  snflidently  aocorale  for  ordinary 
uMge,  though  in  astrict  petrographic  senae  the  rock  ia  osually  not  a  granite.  In  this  paper  the  term  "gran- 
ite" is  used  for  a  coarse-grained  plutenic  rock  consisting  of  quarts  and  orthodase  feldspar;  "diorite*'  for  a 
rock  of  similar  ph.vsieal  character  which  may  or  may  not  contain  quarts  hut  contains  plagtodase  feUspar; 
"granodiorite  "for  the  intermediate  type  which  contains  orthodase  and  plagiodase  feldspar  in  ai^rozi- 
matdy  equal  amounts.  In  each  rock  the  additional  biotite,  hornblende,  and  common  accessory  minerals 
are  assumed.  Qranodiwite  is  then,  as  the  word  itself  at  once  suggests,  intermediate  between  granite  and 
diorite.  "Monconite"  has  been  used  for  the  intermediate  type  but  is  not  so  directly  ezpreaslTe.  This 
usage  does  not  conform  to  that  proposed  by  Waldemar  Lindgren  (Oranodiorite  and  other  intermediate 
rocks:  Am.  Jour.  Sd.,  4th  ser.,  vol.  9,  pp.  26(^282,  IWO)  and  J.  P.  Iddings  (Igneous  rocks,  voL  2,  pp.  4S,  Ul; 
New  York,  1913),  but  it  is  easier  to  apply  and,  for  present  purposes,  less  confusing.  In  the  following  pages 
'*  granite"  is  sometimes  used  in  the  general  sense  in  referring  to  the  rock  of  the  bathoUth  as  a  whole.  It  is 
dear  from  the  context  when  the  term  is  so  used  and  when  it  is  used  in  the  narrower  petrographie  sense  wMi 
reference  to  the  partlciilar  composition  of  a  part  of  the  body. 
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dike  or  a  part  of  the  main  granite  mass.  The  difficulty  is  the  greater 
because  identical  porphyritic  intrusive  rocks  occur  within  the  area 
of  the  granite  itself.  The  whole  situation  is  still  further  complicated 
by  local  shearing,  which  has  changed  both  granite  and  dikes  to  gneis- 
soid  and  even  schistose  facies.  Even  along  Salmon  River  below 
Elevenmile,  where  numerous  cuts  have  been  made  in  road  construc- 
tion, it  was  impossible  to  locate  the  exact  contact. 

Although  the  rocks  of  the  batholith  have  a  broad  conformity  of 
composition  and  occurrence  that  justifies  their  being  mapped  and 
described  as  a  imit^  yet  there  are  certain  local  variations  that  merit 
attention. 

From  Mount  Dolly  south  to  Hyder  the  intrusive  is  a  uniform  light- 
colored  medium-grained  massive  rock,  specked  with  small  black  grains 
of  biotite  and  hornblende.  The  rock  varies  in  composition;  some  of 
it  is  granite,  but  on  the  whole  it  is  best  described  as  granodiorite.  Some 
darker  streaks  and  patches  (schlieren)  occur,  as  well  as  dikes  of  white 
aplitic  granite.  The  contact  with  the  greenstone  across  Mount 
Dolly  is  perfectly  sharp,  and  very  few  dikes  from  the  granite  cut  into 
the  earlier  rocks.  Pegmatite  dikes  are  practically  lacking;  and  in 
this  respect  the  east  margin  of  the  batholith  stands  in  marked  con- 
trast with  the  west  margin. 

The  intrusive  north  of  Fish  CJreek,  especially  toward  the  greenstone 
contact,  is  a  much  more  varied  rock  than  that  about  Hyder.  The 
commonest  type,  itself  rather  variable  structurally,  is  a  greenish- 
gray  medium-dark  rock  of  mediimi  to  fine  grain.  It  usually  shows 
abundant  black  blades  of  altered  hornblende  as  much  as  1  centimeter 
in  length,  which  in  some  places  lie  variously  oriented  in  a  common 
plane.     It  may  be  called  a  quartz-hornblende  diorite. 

There  are  some  variations  from  this  type.  Locally  orthoclase 
occurs  in  porphyritic  crystals  1  or  even  2  centimeters  in  length,  and  the 
rock  becomes  a  granodiorite  porphyry. 

Farther  north,  in  the  valley  of  Texas  Glacier  and  west  of  Salmon 
Glacier,  a  lighter  rock  prevails,  resembling  that  about  Hyder.  Along 
the  glacier  tributary  to  Salmon  Glacier  south  of  station  6535  (fig.  1) 
it  is  a  light  medium-grained  granodiorite.  In  the  valley  of  Texas 
Glacier  a  similar  rock  is  foimd,  both  in  dikes  cutting  the  darker 
granite  and  as  abundant  boulders  brought  down  from  the  granite 
area  farther  west.  This  rock  is  normally  porphyritic  and  is  a  granodi- 
orite porphyry.  These  porphyritic  varieties  of  the  granite  form  a 
transition  to  the  more  distinct  porphyries,  which  occur  as  dikes  in  the 
greenstone  but  which  are  found  also  within  the  granite  area. 

The  west  side  of  Salmon  River  south  of  Texas  Oeek  was  not  visited 
on  account  of  the  practical  impassability  of  the  Salmon.  From  the 
east  side  of  the  river  it  appears  to  be  an  area  of  light  granite  quite 
like  that  about  Hyder. 
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POBPST&T  DIKB8. 

Many  porphyry  dikes  occur  in  the  greenstone  area,  east  of  the 
granite  contact  to  and  beyond  the  international  boundary.  These 
rocks  range  in  color  from  light  to  medium  gray,  and  some  are  dark 
gray.  They  usually  show  small  prisms  of  hornblende  and  flakes  of 
biotite  against  a  white  ground  of  feldspar.  Feldspar  phenocrvsts 
are  hardly  noticeable  in  the  lighter  varieties  but  become  more  con- 
spicuous in  the  darker  rocks. 

These  porphyritic  dike  rocks,  genetically  associated  with  the 
Coast  Range  batholith,  are  intermediate  in  structure  between  the 
deep-seated  granitic  intrusive  rocks  and  extrusive  lavas.  For 
example,  one  having  the  mineral  composition  of  a  diorite  or  andesite 
might  be  equally  well  named  an  andesite  porphyry  or  a  diorite 
porphyry.  As  they  occur  in  the  field  with  dioritic  and  granitic 
rocks,  the  several  varieties  of  rocks  noted  can  properly  be  classed  as 
granite  porphyry,  granodiorite  porphyry,  and  diorite  porphyry. 

Over  a  dozen  large  dikes  with  a  maximum  width  of  1 ,200  feet  are 
exposed  along  the  Salmon  River  road  between  Texas  Creek  and  the 
boundary.  To  judge  from  their  contacts  with  the  greenstone,  these 
dikes  strike  from  60^  to  70**  NW.  and  dip  50^-60**  SW.  They  are 
more  resistant  to  weathering  than  the  greenstones,  so  that  in  the 
timber  and  even  for  some  distance  above  timber  line  the  softer 
greenstones  are  largely  concealed  and  the  porphyries  seem  more 
abundant  than  they  really  are.  As  they  closely  resemble  the  granites, 
it  is  impossible  to  draw  the  granite-greenstone  boundary  accurately. 

Dikes  of  the  same  character  as  those  found  in  greenstone  also 
occur  within  the  main  granite  area.  Boulders  from  them  are  among 
the  most  abundant  rocks  brought  down  by  the  Texas  Glacier,  and 
they  cut  the  less  porphyritic  granites  along  the  lower  2  miles  of 
its  course.  They  were  also  found  in  the  granite  exposed  along  the 
road  south  of  Ninemile,  where  the  more  basic  varieties  are  diorite 
porphyries  showing  conspicuous  but  small  plagioclase  phenocrysts, 
in  striking  contrast  to  a  gray-black  ground. 

The  dike  porphyries  described  above  agree,  in  character  and  in 
range  of  mineral  composition  with  the  nonporphyritic  granitic 
intrusive  rocks  of  the  batholith,  which  themselves  locally  have  por- 
phyritic facies.  In  the  greenstone  area  the  borders  of  the  dikes 
show  but  slight  structural  evidences  of  chilling.  In  many  places 
where  identical  rocks  occur  within  the  main  granite  area  they  are 
in  dike  form,  and  it  is  sometimes  possible  to  see  a  distinct  contact 
between  them  and  the  adjacent  granite.  On  the  other  hand,  there 
are  many  places  where  the  porphyries  grade  into  the  adjoining  non- 
porphyritic rock  and  it  is  impossible  to  fix  a  definite  contact.  These 
relations  may  best  be  explained  on  the  assumption  that  the  por- 
phyries are  an  essential  part  of  the  granite  intrusion  following  closely 
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the  formation  of  the  main  batholith.  They  represent  slightly 
differentiated  magmas  intruded  into  both  the  greenstones  and  the 
earlier-formed  granite.  In  the  greenstones  the  invaded  rocks  were 
under  considerable  cover  and  perhaps  were  warmed  by  the  adjoining 
granite,  so  that  there  was  but  little  border  chilling  of  the  dikes. 
They  came  into  the  granite  at  a  time  when  it  was  still  hot,  perhaps 
not  completely  solidified;  hence  the  lack  of  sharp  contacts  in  many 
places.  The  border  granite  is  thus  not  simple  but  a  rather  complex 
intrusive  body,  ranging  from  a  granodiorite  or  even  from  a  rock 
closely  approaching  a  granite  to  a  diorite  and  structurally  from  a 
massive  granitoid  rock  to  a  porphyry.  The  presence  of  Uiese  por- 
phyries and  the  tendency  of  even  the  earlier  massive  granites  to 
grade  into  porphyritic  facies  suggests  that  the  cover  was  not  very 
thick.  This  complexity  is  not,  however,  characteristic  of  the  granite 
about  Hyder. 

ORE  DEPOSITS. 

CLABBIFICATIOK. 

Both  O'Neill  ^  and  Chapin  *  have  classified  the  ore  bodies  of  the 
Salmon  River  region  as  of  two  general  types — disseminated  deposits 
of  low  metallic  content  and  quartz  veins  containing  shoots  of  very 
high-grade  ore. 

The  disseminated  deposits  lie  in  shear  zones,  in  places  without 
well-defined  walls,  and  are  described  by  O'Neill  as  "large  deposits 
of  ore  which  is  a  complex  mixture  of  zinc  blende,  galena,  chalcopyrite, 
and  pyrite."  He  cites  the  Big  Missouri  property  as  containing  ex- 
amples of  deposits  of  this  type.  Of  the  concentrated  ore  bodies 
occurring  as  fairly  well  defined  fissures,  that  of  the  Premier  mine, 
on  the  Canadian  side  of  the  boimdary,  is  the  best  example.  In  view 
of  the  local  interest  in  the  Premier  mine,  it  will  be  worth  while  to  quote 
O'Neill's  description  of  two  specimens  of  ore  from  this  property:* 

Pyrite,  sphalerite,  probably  galena,  and  pyraigyiite  are  dineminated  in  a  gangue 
of  mixed  quartz  and  calcite.    The  pyiargjnrite  is  abundant. 

Pyrite,  sphalerite,  pyiargjnrite,  a  little  p3rraigyrite  with  the  pyrite,  zinc  blende, 
and  probably  galena  in  a  gangue  of  quartz.    I  saw  no  calcite  in  this  specimen. 

Qualitative  tests  on  both  samples  showed  the  presence  of  lead,  indicating  galena. 
The  soft  black  mineral  gave  much  copper  and  antimony,  with  silver,  indicating 
freibeigite. 

Of  the  occurrence  of  these  deposits  O'Neill  says: 

The  general  r^onal  shearing  is  not  uniformly  distributed  but  is  concentrated  in 
zones.  Where  the  northwest  or  northeast  ore-bearing  veins  cross  such  zones  or  where 
they  cross  one  another  there  is  an  enrichment  of  the  deposit  in  the  form  of  native 

'  O'NeOl,  J.  J.,  Salmon  River  district,  Portland  Canal  mining  division,  B.  C:  Canada  Oeol.  Survey  Sum- 
mary Kept,  for  1919,  pp.  lOb-bb,  1920. 

*  Chapin,  Theodore,  Mining  developments  in  southeastern  Alaska:  U.  S.  Geol.  Survey  BnlL  480,  p.  96, 
1916. 

•  Op.  cit.,  p.  10b. 
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silver.  In  some  places  a  series  of  the  later  fissures  cross  a  main  zone  at  relatively 
close  intervals,  and  the  enrichment  is  spread  along  the  sone  between  them.  *  *  • 
Where  the  main  zone  of  fissuring  is  wide,  as  on  the  Premier,  and  the  cross  fissures  are 
strong,  considerable  amounts  of  very  rich  ore  have  been  developed  across  most  of 
the  width  <A  the  main  zone  along  the  cross  fissures  and  has  spreftd  along  between  the 
cross  fissures. 

Scofield  and  Hanson  in  their  recent  report**  have  daasified  the 
ore  bodies  of  the  Canadian  Salmon  River  district  as  follows: 

1.  Base-metal  type:  These  are  replacement  and  disseminated 
deposits  in  certain  beds  of  tuffs  and  conglomerates,  with  some  veins 
carrying  base  metals.  ''These  deposits  are  roughly  tabular,  as 
they  correspond  in  strike  and  dip  with  the  beds  with  which  they 
are  associated."  They  carry  pyrite,  chalcopyrite,  sphalerite,  and 
galena,  with  a  gangue  of  quartz. 

2.  Silver-gold  type:  ''The  ores  of  this  type  occur  in  veins  and 
veinlike  replacements  in  quartz  porphyry  and  at  the  contact  of  the 
porphyry  and  tuffs.  The  large  ore-chutes  [shoots?]  are  lenticular  in 
shape.  The  minerals  present  are  pyrite,  chalcopyrite,  sphalerite, 
galena,  tetrahedrite,  freibergite,  pyrai^yrite,  and  sulphantimonides 
and  sulpharsenides,  native  silver,  and  gold.  The  gangue  is  rather 
abimdant  and  is  almost  entirely  quartz."  The  Premier  ore  body  is 
cited  as  an  example  of  this  type. 

3.  Gold  type:  "A  single  ore  body  in  No.  2  tunnel  of  the  Premier 
mine  is  of  this  type.  This  is  a  siliceous  heavy-sulphide  deposit. 
Quartz  and  pyrite  are  the  predominant  minerals.  Small  quantities 
of  chalcopyrite,  sphalerite,  and  galena  are  present.  Assays  show 
high  value  in  gold,  but  practically  no  silver." 

The  above  descriptions  refer  to  the  ore  deposits  on  the  Canadian 
side  of  the  boundary.  The  following  types  have  been  foimd  on  the 
Alaska  side: 

1.  Disseminated  replacement  deposits  of  galena,  sphalerite,  and 
pyrite,  mainly  in  the  greenstones.  Example,  the  deposits  now 
being  opened  on  the  New  Alaska  property. 

2.  Disseminated  and  lenticular  replacement  deposits  of  pyrrho- 
tite,  with  minor  amounts  of  chalcopyrite  and  pyrite  and  a  very  little 
sphalerite,  in  the  greenstone.  Example,  the  pyrrhotite  deposits  on 
the  New  Alaska  property  just  above  Elevenmile  and  that  on  the 
east  side  of  the  Fish  Creek  Mining  Co.'s*property,  on  Fish  Creek. 

3.  Quartz  fissure  veins  carrying  pyrite,  galena,  sphalerite,  and 
locally  tetrahedrite  and  a  little  chiJcopyrite.  In  places  barite  is 
associated  with  quartz  as  a  gangue  mineral.  Nearly  all  the  quartz 
veins  occur  in  the  granitic  rocks.  Examples,  the  veins  on  Fish  Creek 
and  near  Sevenmile  on  Salmon  River. 

i*  Op.  dt.,  pp.  0ii->12». 
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Up  to  the  present  time  most  of  the  underground  work  has  been 
done  on  the  quartz  jSssure  veins,  some  of  which  include  shoots  carry- 
ing much  gold  and  silver.  These  quartz  veins  strike  N.  30^-60*  W. 
Relatively  few  extensive  openings  have  been  made  on  the  dis- 
seminated deposits,  which  appear  to  trend  N,  70**-80®  E. 

SBIiATION  OF  OBE  DEPOSITS  TO  THB  aBANITB  BATHOLTTH. 

The  Salmon  River  ore  deposits  are  close  to  the  edge  of  the  great 
area  of  granitic  rock  which  follows  the  west  coast,  and  this  position 
they  share  with  all  the  metalliferous  lodes  of  southeastern  Alaska. 
Such  border  deposits  are  not  limited  to  either  side  of  the  batholith, 
nor  are  they  of  any  one  metal.  The  copper  deposits  in  the  Alexander 
Archipelago  and  the  gold  and  silver  lodes  from  Ketchikan  north  are 
close  to  either  the  west  side  of  the  main  body  of  granitic  rock  or  to 
the  smaller  intrusions  that  lie  outside  that  body  and  still  farther 
west.  The  ore  deposits  of  Salmon  River  are  in  a  corresponding 
position  near  -the  east  edge  of  the  batholith.  The  contact  farther 
north  is  in  Canadian  territory,  but  metal  deposits  of  different  kinds 
have  been  reported  near  it. 

This  relation  is  essential,  not  accidental.  The  deposits  border 
the  batholith  because  the  metals  which  they  carry  were  derived 
from  the  igneous  rock  while  it  was  still  hot. 

BISTKIBUTION. 

The  disseminated  deposits  are  practically  limited  to  the  greenstones. 
The  only  exception  noted  was  the  deposit  of  disseminated  sulphides 
of  the  first  type  on  the  Charles  claim,  on  the  east  side  of  Texas  Creek, 
which  are  in  sheared  porphjnry  and  granodiorite  of  the  batholith. 
The  quartz  veins  are  practically  confined  to  the  granite  area,  though 
in  one  place  locality  8,  fig.  3,  Fish  Creek  Mining  Co.)  a  quartz  vein 
carrying  sulphides  occurs  in  the  greenstone.  The  reason  for  this 
practical  limitation  of  the  quartz  veins  to  the  granite  and  of  the 
disseminated  deposits  to  the  greenstones  is  beUeved  to  lie  in  the 
nature  of  the  inclosing  rock.  The  softer  greenstones,  at  the  pros- 
pects mainly  altered  tuffs,  are  thought  incapable  of  retaining  open 
fissures,  so  that  in  them  the  deposit  was  formed  by  replacement 
along  shear  zones.  The  granite  seems  to  have  been  firmer  and  able 
to  retain  open  fissures,  hence  it  holds  the  typical  veins.  At  the 
depth  of  the  deposits  at  the  time  of  their  formation  the  granite  was 
in  the  zone  of  fracture,  and  the  greenstone  in  the  zone  of  flowage. 

OBIGIN. 

These  .deposits  occur  in  the  greenstone  near  the  granite  batholith 
and  even  in  the  outer  part  of  the  batholith  itself  because  they  were 
formed  by  solutions  escaping  from  the  still  hot  granite  magma 

63963**— 22 ^9 
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through  the  solidified  border  of  the  granite  and  into  the  surrounding 
greenstones.  The  common  association  of  mineral  deposits  with  the 
east  edge  of  the  batholith  has  long  since  been  pointed  out  by  Brooks.^* 
McConnell/^  without  question,  explains  the  Canadian  occurrence  just 
across  the  international  boundary  in  the  same  way.  If  this  is  their 
origin,  their  time  of  formation  is  fixed  as  soon  after  the  intrusion  of 
the  granite,  probably  in  the  Cretaceous  period. 

The  deposits  are  believed  to  have  been  formed  at  considerable 
depths  beneath  the  surface  of  that  time  and  to  be  what  Lindgren  " 
has  styled  deposits  formed  at  intermediate  depths,  by  which  he 
means  at  depths  between  4,000  and  12,000  feet  below  the  surface 
and  at  temperatures  of  175^  to  300^  F.  The  present  exposures  are 
all  less  than  2,900  feet  above  sea  level.  The  higher  sununits  of  the 
area  rise  to  more  than  6,000  feet.  The  Cascade  peneplain  has  not 
been  recognized  in  this  district;  if,  however,  as  is  likely,  the  rou^ 
accordance  of  summit  levels  is  due  to  the  former  presence  of  a  plain 
near  that  level,  the  highest  of  the  present  depo  its  would  have  been 
nearly  half  a  mile  below  that  siuface.  But  these  summits  west  of 
the  Salmon  are  in  granite,  well  beneath  the  top  of  the  battiolith; 
moreover,  above  the  batholith  there  must  have  been  a  cover  of  the 
invaded  rocks.  The  field  relations  suggest,  though  they  do  not 
demonstrate,  that  the  deposits  may  well  have  been  formed  at  a  depth 
of  more  than  a  mile  below  the  surface  of  that  time.  Further,  the 
sulphides  present  (galena,  chalcopyrite,  sphalerite,  and  pyrrhotite) 
are  those  found  in  deposits  formed  at  considerable  depths.  If  these 
deposits  were  formed  at  the  depth  inferred  it  is  easy  to  see  why  the 
softer  greenstones  should  have  been,  as  suggested  above,  below  the 
zone  of  open  fracture,  even  if  the  harder  granites  were  not. 

The  deposits  are  primary  sulphides  laid  down  by  solutions  rising 
from  a  granitic  magma.  In  the  quartz  veins  and  the  disseminated 
deposits  of  the  first  type  the  sulphides  are  essentially  contempora- 
neous. In  the  pyrrhotite  deposits  the  pyrite  and  arsenopyrite  are 
followed  by  the  pyrrhotite,  gdena,  and  sphalerite,  but  even  here  the 
mineralization  belongs  to  one  general  period.  There  is  no  evidence 
whatever  of  any  enrichment  by  descending  solutions,  so  that  no 
marked  change  in  depth  is  to  be  expected.*^  Further,  there  is  almost 
no  surface  weathering.  Here  and  there  traces  of  malachite  and 
limonite  occur  and  the  rock  is  slightly  porous  owing  to  the  removal 
by  solution  of  the  more  soluble  constituents,  but  this  is  at  the  im- 
mediate surface. 

10  Brooks,  A.  H.,  Geologic  features  of  Alaskan  metalliferous  lodes:  U.  8.  Qeol.  Survey  Boll.  480^  pp. 
44-74, 1910. 

U0p.clt.,p.34. 

u  Undgren,  Waldemar,  Mineral  deposits,  ad  ed.,  p.  646, 1919. 

u  It  should  be  noted,  however,  that  Scofleld  and  Hanson  (op.  dt.,  p.  11a)  believe  that  the  native  silver 
found  in  some  of  the  ores  of  the  Premier  mine  is  ol  seoondary  orifin.  No  such  oocuneuoee  bftve  bMO 
found  on  the  Alaska  side  of  the  boundary. 
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OUTLOOK  FOB  FBODTTCTION. 

No  productive  mine  has  yet  been  developed  in  the  American  part 
of  the  Salmon  River  basin,  and  only  one  (Premier)  on  high-grade 
silver  ores  in  the  Canadian  part.  The  low-grade  disseminated 
sulphide  ores  on  the  Canadian  side  have  not  yet  been  successfully 
worked.  On  the  American  side'  the  only  considerable  imderground 
workings  are  on  Fish  Creek.  It  is  therefore  impossible  to  make  any 
predictions  of  the  future  of  the  district.  The  following  considerar 
tions,  however,  will  help  to  indicate  where  deposits  are  Ukely  to  be 
found  and  what  changes  in  depth  are  likely  to  have  taken  place. 

All  the  American  prospects  and  properties  lie  east  of  Salmon 
River  and  Texas  Creek,  and  the  best  are  either  in  the  greenstones 
or  in  the  granite  near  its  contact.  The  most  promising  of  those 
opened  up  are  the  New  Alaska  disseminated  deposits  in  the  green- 
stones above  Elevenmile  and  the  quartz  veins  on  Fish  Creek.  From 
the  Fish  Creek  Mining  Co. 's  property  small  amounts  of  high-grade 
silver  ore  have  already  been  shipped.  Workable  deposits  may  yet 
be  found  in  the  granite  west  of  Salmon  River  and  Texas  Creek, 
but  the  evident  igneous  origin  of  the  ores  and  the  development  of 
prospecting  and  mining  in  the  region  to  date  suggest  that  paying 
properties  are  most  likely  to  be  found  in  the  greenstones  or  in  the 
granite  near  its  contact,  and  that  they  will  become  increasingly  im- 
probable toward  the  west,  in  the  granite. 

If,  as  has  been  pointed  out,  the  deposits  are  primary  sulphides 
and  show  no  changes  due  to  weathering  or  downward  enrichment,'^ 
whatever  change  in  depth  they  show  must  be  the  result  of  irregu- 
larities of  original  deposition.  The  deposits  can  be  followed  down- 
ward in  the  belief  that  they  will  average  as  well  in  depth  as  at  the 
surface,  at  least  for  considerable  distances. 

MINING  PROPERTIES. 
STONEB. 

H.  B.  Stoner  has  twelve  claims  (see  figs.  1  and  2),  which  he  three 
abreast  adjacent  to  the  international  Une  on  Boundary  Creek  and 
extend  from  the  wagon  road  at  Salmon  River  to  timber  Une.  Shal- 
low cuts  have  been  made  at  several  places.  The  owner  reports  small 
returns  from  a  silicified  and  pjrrrhotized  porphyry  at  the  point 
marked  ''A"  in  figure  2.  About  200  feet  to  the  northeast  there  is 
an  opening  in  sUghtly  pyrrhotized  greenstone.  A  second  opening 
(B,  fig.  2)  has  been  made  at  an  elevation  of  960  feet,  in  fractured 
greenstone,  a  greenish-gray,  very  fine  grained  calcareous  rock,  with- 
out banding,  carrying  minute  grains  of  pyrite.  Sulphides  occur 
in  the  greenstone  in  irregular  streaks,  some  mainly  sphalerite,  others 
galena  and  pyrite.     The  former  are  reported  to  carry  a  little  zinc 

M  8«e  footnote  13,  p.  190. 
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and  silyer  and  a  trace  of  gold;  the  latter  to  assaj  a  little  pAd,  20.5 
ounces  of  sUyer  to  the  ton,  and  28  per  cent  of  lead,  the  total  yaiue 
reaching  $48.90  a  ton. 

HSW  AI«A.8KA  MlHUiO  CO. 

The  New  Alaska  property  (see  figs.  1  and  2)  includes  a  group  of 
eight  claims  which  lie  west  of  the  Stoner  claims  and  extend  from  the 
flat  of  Salmon  River  at  EUevenmile  (elevation  350  feet)  southeastward 
up  the  slope  to  an  elevation  of  1,800  feet.     The  first  claims  were 

located  in  1912-13, 
and  intensive  work 
on  the  property  be- 
gan in  1919. 

The  main  work 
has  been  done  at  an 
elevation  of  about 
1 ,350  feet,  on  a  ridge 
bearing  N.  70°  E. 
(fig.  2,  C).  A  num- 
ber of  shallow  cuts 
have  been  made, 
and  a  tunnel  has 
been  driven  1 14  feet 
across  the  strike  of 
the  rocks. 

The  country  rock 
is  a  typical  green- 
stone, probably  an 
altered  tuff  or  lava, 
and  has  much  the 
same  character  at 
the  different  open- 
ings. It  is  a  green- 
ish-gray, rather  soft, 
commonly  calcareous,  very  fine  grained  rock,  showing  many  small 
grains  and  crystals  of  pyrite.  Hand  specimens  are  cut  by  fine  veins 
and  patches  of  more  coarsely  crystalline  calcite.  An  indistinct 
banded  or  bedded  structure  at  some  of  the  openings,  which  is  per- 
haps a  secondary  structure,  shows  a  strike  between  N.  45^  E.  and 
N.  80^  E.  and  a  steep  dip  to  the  northwest.  Tlie  general  trend  of 
the  mineralized  belt  is  about  N.  70^  E.,  parallel  to  the  course  of  the 
ridge.    At  many  places  the  rock  is  shattered  and  broken. 

Two  kinds  of  mineral  deposits  occur  on  this  property;  one  carries 
sphalerite,  galena,  and  pyrite,  and  the  other  chiefly  pyrrhotite. 
Only  those  of  the  first  type  are  being  developed.     They  lie  in  a  system 
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FioxTBi  2.— Sketch  map  of  Stoner  and  New  Alaska  properties,  Safancn 
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of  fracturing,  in  which  certain  zones  are  richer  in  sphalerite,  galena, 
pyrite,  iivith  a  very  little  chalcopyrite,  than  the  others.  These  richer 
zones  carry  gold  and  silver.  The  greenstone  lying  within  the  zone 
of  fracture  is  lighter  colored  than  the  normal  country  rock  and  carries 
a  large  amount  of  introduced  silica  and  calcite.  The  difference 
between  ore  and  country  rock  is  a  difference  in  the  d^ree  and  kind 
of  mineralization.  There  are  no  well-defined  walls  to  the  deposits, 
and  the  richer  portions  grade  into  the  country  rock.  The  introduc- 
tion of  the  sulphides  and  silica  seems  to  have  been  contemporaneous. 
The  best  exposure  is  at  the  tunnel,  which  has  been  carried  114  feet 
in  a  direction  N.  23^  W.,  at  right  angles  to  the  trend  of  the  structure. 
For  the  first  50  feet  from  the  portal  the  rock  is  a  light  greenish-gray 
fine-grained  rock,  here  more  siliceous,  there  more  calcareous,  and  every- 
where somewhat  pyritized.  Then  follows  27  feet  of  a  similar  rock 
containing  bands  and  p&tches  of  sulphides  (sphalerite,  galena,  and 
pyrite).  This  is  followed  in  turn  by  15  feet  of  less  mineralized  rock 
and  10  feet  of  mineralized  rock.  The  remainder  of  the  tunnel  is  in 
barren  rock,  like  that  at  the  entrance.  The  rock  structure  at  the 
entrance  strikes  N.  80^  E.  and  has  a  nearly  vertical  dip,  and  the 
indistinct  banding  farther  in  agrees  with  this  attitude. 

The  Hoosier  prospect  (D,  fig.  2),  north  of  the  present  workings 
and  350  feet  lower,  is  on  a  different  greenstone  belt  but  repeats  the 
conditions,  both  of  country  rock  and  ore,  already  described.  A  10- 
foot  opening  has  been  made  on  a  silicified  greenstone.  No  well- 
defined  structure  was  noted  in  the  country  rock,  nor  any  distinction 
between  vein  and  wall.  Some  of  the  silicified  rock  carries  the  usual 
sulphides. 

The  disseminated  pyrrhotite  ores  of  the  second  type  are  encoun- 
tered in  going  north-northeastward  from  the  present  workings  toward 
Elevenmile.  In  the  upper  part  of  this  traverse  there  are  several 
small  exposures  in  which  the  greenstone  carries  a  little  pyrrhotite, 
pyrite,  and  galena,  and  at  one  of  these  exposures  a  10-foot  timnel 
has  been  driven  from  which  several  hundred  dollars'  worth  of  ore  is 
reported  to  have  been  mined.  Near  the  bottom  of  the  hill,  not  more 
than  200  feet  above  the  river,  two  openings  expose  small  bodies  of 
pyrrhotite  in  the  fine-grained  greenstone.  A  thin  section  of  the  leaner 
ore  shows  irr^ular  areas  of  pyrrhotite,  a  little  sphalerite,  and  a  very 
little  chalcopyrite  in  a  ground  consisting  mainly  of  quartz  and  serir 
cite,  with  lesser  amounts  of  chlorite  and  zoisite.  A  polished  section 
of  the  massive  pyrrhotite  showed  pyrrhotite  and  a  very  Uttle  chalco*- 
pyrite.  The  pyrrhotite  is  veined  throughout  by  a  fine  network  of 
later  pyrite.  Some  pyrite  occurs  in  the  hand  specimens.  The 
pyrrhotite  bodies  have  not  been  seriously  worked.  The  indefinite 
banding  of  the  country  rock  trends  between  northeast  and  east. 
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VlflK  GBBBK  XXSma  CO. 

The  Fiflh  Creek  Mining  Co.  controls  17  claims  (see  figs.  1  and  3), 
which  lie  mainly  on  the  ridge  between  Fish  Creek  and  Skookmn  Creek 
but  extend  to  either  side  of  these  creeks,  particularlj  west  of  Skookum 
Creek.  Patents  have  been  applied  for  on  three  of  the  claims — the 
Starboard,  Olympia,  and  Nevada.  The  property  was  acquired  by 
the  present  company  in  1909,  and  more  work  has  been  done  on  it 
than  on  any  other  in  the  district.  It  is  reported  that  16  tons  of  hi^- 
*grade  ore  was  shipped  in  1916-17. 

The  contact  between  granite  and  greenstone  crosses  the  property 
in  a  direction  a  little  west  of  north.  Most  of  the  openings  are  in 
rock  that  is  more  or  less  clearly  recognized  as  belonging  to  the  granite. 
One  representative  specimen  obtained  west  of  Skookum  Creek  is  a 
granodiorite,  showing  quartz,  plagioclase  in  excess  of  orthoclase, 
biotite  much  in  excess  of  hornblende,  though  both  had  gone  over 
completely  to  secondary  minerals  (chlorite,  calcite,  epidote,  and 
quartz),  and  accessory  apatite  and  magnetite.  Nearer  the  veins  the 
original  character  of  the  country  rock  is  in  many  places  masked  by 
shearing  and  mineralizaton.  The  typical  greenstone  occurs  on  the 
east  side  of  the  property.  All  the  quartz  veins  examined,  except 
that  at  locality  8  (fig.  3),  seem  to  be  in  granitic  country  rock.  At 
locality  8  the  rock  is  a  slaty  rock,  which  is  more  properly  placed  in 
the  Bear  River  formation. 

Ore  bodies  of  two  types  occur  in  this  group  of  claims: — (1)  quartz 
veins  which  carry  galena,  sphalerite,  tetrahedrite,  chalcopyrite,  and 
pjrritCi  and  (2)  lenticular  bodies  of  pyrrhotite,  with  small  amounts  of 
chalcopyrite  and  pyrite.  So  far  as  yet  determined  the  quartz  veins 
alone  are  of  value. 

Most  of  the  underground  work  so  far  done  on  the  property  is  on 
the  Starboard  and  Olympia  claims,  where  there  are  a  series  of  quartz 
veins  striking  about  N.  40°  W.  and  dipping  45*'-70°  NE.  Two  tunnels 
have  been  driven  on  a  well-defined  vein  on  the  Starboard  claim.  At 
the  portal  of  the  upper  tunnel  the  vein  measures  27  inches  in  width, 
strikes  N.  40^  W.,  and  dips  70°  NE.  At  an  opening  made  on  the  hill 
slope  a  little  above  the  tunnel  the  vein  dips  80°  SW.,  the  only  excep- 
tion noted  to  the  general  northeasterly  dip.  The  upper  tunnel  has 
been  driven  about  50  feet,  but  the  vein  has  not  been  definitely  recog- 
nized throughout  this  distance,  and  it  is  possible  that  the  tunnel  does 
not  follow  the  vein  throughout  its  length.  The  vein  can  be  traced 
from  the  upper  tunnel  to  Skookum  Creek,  a  distance  of  about  400 
feet.  Near  the  creek  it  has  been  opened  by  a  40-foot  tunnel,  in  which 
it  strikes  N.  35°  W.  and  dips  66°  NE. 

The  quartz  vein  contains  galena,  pyrite,  and  tetrahedrite,  with 
some  sphalerite  and  chalcopyrite,  and  shows  a  little  copper  stain 
(malachite).    A  polished  section  shows  tetrahedrite,  galena,  and  a 
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little  sphalerite  and  chalcopyrite,  with  no  evidence  of  any  notabk 
difference  in  time  of  introduction  of  the  minerals.  The  country 
rock  is  a  sheeted  porphyry  with  some  slaty  rock  which  bears  N.  65° 
E.  and  dips  80°  NW. 

At  locality  4,  also  on  the  Starboard  claim,  a  75-{oot  tunnel  has  been 
run  in  on  a  vein  which  at  the  entrance  strikes  N.  60°  W.,  dips  65°  E., 
and  has  a  thickness  of  3  feet  9  inches,  with  well-marked  hangiiig  and 
foot  walls  against  broken  granite.  It  can  be  followed,  though  not  as 
a  single  vein,  to  the  face  of  the  tunnel  and  can  be  traced  northwest- 
ward across  Skookum  Creek.  The  minerals  it  carries  are  galena, 
tetrahedrite,  pyrite,  and  some  chalcopyrite  and  sphalerite. 

On  the  Olympia  claim  there  are  two  tunnels  on  the  same  vein  at 
localities  6  and  6.  The  upper  bne  goes  in  100  feet  in  a  direction 
S.  55°  E.,  to  a  point  where  the  vein  is  lost  by  a  fault.  The  strike. of 
the  fault  is  N.  30°  E.,  and  the  dip  about  vertical.  The  lower  tunnel 
does  not  go  in  far  enough  to  reach  the  fault.  The  vein  at  the  mouth 
of  the  upper  tunnel  is  19  inches  wide,  strikes  N.  30°  W.,  and  dips 
45°  NE.  The  ore  shows  galena,  tetrahedrite,  sphalerite,  a  Uttle 
chalcopyrite,  pyrite,  and  some  iron  and  copper  (malachite)  stain. 
Two  polished  s{>ecimens  of  the  ore  show  tetrahedrite,  with  some 
sphalerite  and  pyrite  and  a  very  little  chalcopyrite,  m  irregular  areas 
cutting  quartz.    The  sulphides  are  essentially  contemporaneous. 

At  locality  7,  on  the  Olympia  claim,  the  longest  tunnel  on  the 
property  goes  in  on  the  vein  240  feet,  to  a  point  where  the  vein  is 
cut  off  by  a  fault  that  strikes  N.  30°  E.  and  dips  60°  NW.  Drifts 
have  been  driven  parallel  to  the  fault  in  both  directions,  but  the  vein 
has  not  been  recovered,  unless  a  composite  vein,  offset  about  50  feet 
to  the  southwest,  is  its  continuation.  The  work  had  not  been  carried 
far  enough  to  demonstrate  this.  From  the  mouth  of  the  tunnel  the 
vein  can  be  followed  on  the  surface  northward  perhaps  30  feet,  to  a 
point  where  it  is  cut  out  by  a  fault  and  broken  zone  that  seems  to 
have  much  the  same  direction  as  that  at  the  face  of  the  tunnel.  The 
vein  system  in  this  part  of  the  property  is  thus  cut  by  a  series  of 
faults  which  run  N.  30°  E.  and  dip  steeply  northwest.  As  the  rock 
is  a  massive  granite  or  granite  porphyry,  it  is  very  difficult  to  deter- 
mine the  direction  and  amount  of  displacement.  This  would  be 
possible  only  if  some  of  the  veins  could  be  identified  on  the  opposite 
sides  of  the  fault  plane,  and  that  has  not  yet  been  done. 

The  ore  minerals  of  the  vein  are  galena,  tetrahedrite,  and  some 
pyrite.  Rich  specimens  of  the  tetrahedrite  ore  have  been  found. 
A  large  specimen  of  high-grade  ore  is  reported  to  have  given  0.84 
ounce  of  gold  and  598  ounces  of  silver  to  the  ton. 

At  locality  8  some  tunnels,  now  caved,  have  been  run  on  a  quartz 
vein  which  strikes  N.  70°  W.  and  dips. 65°  NE.  Pieces  of  good  ore 
were  found  in  the  dump. 
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The  following  figures  are  taken  from  assay  reports  furnished  hy 
the  company,  representing  lots  of  ore  ranging  from  half  a  ton  to 
5  tons  taken  from  tunnels  on  the  Starboard  and  Olympia  claims  and 
shipped  to  the  Tacoma  Smelting  Co.  in  1916  and  1917. 

Asiayi  of  ore  from  Starboard  and  Olympia  claims. 


Gold 

(ounoes 

to  the 

Um). 

Silver 

(oanoeB 

to  the 

ton). 

Lead 

(P«r 

cent). 

Copper 

(per 

oent). 

1 

0.40 
.21 
.37 
.15 
.18 
.90 
.30 

376 

161. 14 

316.32 

110.36 

103.36 

706.67 

205.40 

32.40 
18.30 
38.90 
32.50 
aL51 
a7.68 
al3.9 

3.30 

2 

1.96 

3 

3.06 

4 

Trace. 

5 :. 

a  21. 4 

6 

0  32.90 

7 

a  17. 40 

a  The  copper  and  lead  are  apparently  reversed  In  the  smelter  report  of  Noe.  5  and  6  and  probably  No.  7. 

On  the  Olympia  Extension  a  quartz  vein  bearing  N.  50^  W.  has 
been  opened  by  trenching  for  600  feet.  It  shows  an  average  width 
of  3  feet.   The  following  assays  were  kindly  furnished  by  the  company: 

Assayi  of  ore  from  vein  on  Olympia  Extension  claim. 


Gold 

(ounces 

to  the 

ton). 

Sliver 

(ounces 

to  the 

ton). 

Lead 

(per 

cent). 

Copper 

(per 

cent). 

1 

Trace. 
0.36 

.46 
1.42 

.92 
1.60 

.32 

3 
12 

118.5 
94.8 
72.5 
23.6 

4.4 

6.5 

Trace. 

2 : 

3 

13 

2 

4 

5 

14.5 

2 

6 

7 

2.5 

Trace. 

Four  additional  assays  of  samples  from  the  same  vein  show  gold, 
0.52,  2.10,  1.20,  and  0.42  oimces  to  the  ton,  and  silver,  38.20,  177.90, 
166.80,  and  114.48  oimces  to  the  ton. 

The  assays  quoted  above  indicate  the  presence  of  high-grade  silver 
ores,  the  value  of  which  may  be  enhanced  to  some  considerable  extent 
by  gold  and  copper. 

A  body  of  pyrrhotite  occurs  on  the  Summit  claim  flocality  1, 
fig.  3),  on  the  east  side  of  the  property  and  near  its  north  end. 
Here  the  country  rock  is  a  greenish-gray  fine-grained  greenstone 
marked  by  veins  of  calcite  and  abundant  small  crystals  of  pyrite. 
The  microscope  shows  it  to  be  composed  almost  wholly  of  secondary 
minerals,  chiefly  quartz  and  sericite.  Abundant  chlorite  and  calcite 
occur  along  seams,  with  leucoxene,  pyrite  crystals,  and  a  little 
fine-grained  orthoclase.  A  few  large  rounded  quartz  grains  resemble 
the  phenocrysts  in  rhyolite  and  suggest  that  the  original  rock  may 
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have  been  a  quartz  porphyry.  An  indistinct  bedding  bears  N.  70^  E. 
and  is  nearly  vertical.  In  this  greenstone  are  masses  of  almost  pure 
pyrrhotite.  The  largest  measures  about  5  by  12  feet  at  the  surface 
and  stands  6  feet  above  the  water  level  in  a  shaft  that  was  sunk  in  all 
10  feet  without  reaching  the  bottom  of  the  pyrrhotite.  With  the  pyr- 
rhotite there  is  a  little  chalcopyrite  and  quartz.  A  polished  section  of 
the  ore  shows  mainly  pyrrhotite,  with  small  amounts  of  pyrite,  arseno- 
pyrite,  chalcopyrite,  and  a  little  gangue,  mainly  quartz.  The  order 
of  mineral  formation  seems  to  be  pyrite,  arsenopyrite,  quartz,  pyrrho- 
tite, and  chalcopyrite,  the  last  two  essentially  contemporaneous. 
A  polished  section  of  the  inunediately  adjoining  country  rock,  which 
contains  abundant  sulphides,  shows  mainly  quartz  and  some  arseno- 
pyrite,  irregularly  cut  by  pyrrhotite,  finely  veined  by  later  pyrite, 
and  chalcopjoite.  The  arsenopyrite  appears  to  have  been  frac- 
tured before  the  introduction  of  the  quartz  and  other  sulphides. 
An  assay  of  samples  from  this  body  was  reported  by  the  owner  to 
give  gold,  0.36  oimce  to  the  ton;  silver,  4  oimces  to  the  ton;  copper, 
2  per  cent. 

WATSON  A  BAIN. 

The  Watson  &  Bain  property  includes  five  claims  (No.  3,  fig.  1)  in 
lower  Fish  Creek  valley,  owned  by  John  Hoveland  and  leased  in 
Jidy,  1920,  by  Hugh  Watson  and  J.  B.  Bain.  A  sixth  claim,  owned 
by  Pete  Low,  is  included,  and  Mr.  Low  has  an  interest  in  the  opera- 
tion of  the  property.  In  August,  1920,  work  was  on  the  point  of 
being  resumed  by  the  lessees.  The  claims  lie  mainly  between  Fish 
and  Skookum  creeks,  though  they  extend  west  of  Skookum  Creek  and 
east  of  Fish  Creek,  as  well  as  along  Fish  Creek  below  Skookum  Creek. 
Three  openings  have  been  made. 

On  Fish  Creek  No.  1  claim  two  tunnels  have  been  driven  on  a 
quartz  vein  that  strikes  N.  GO*'  W.  and  dips  60*^-70**  NE.  The 
country  rock  is  a  broken,  sheared,  and  in  places  schistose  rock  of 
fine  grain  and  undetermined  origin.  It  may  be  either  an  inclusion  of 
the  greenstone  in  the  granite  or  a  zone  of  shearing  in  the  granite  or 
granite  porphyry  itself.  The  two  tunnels  are  about  75  feet  apart 
vertically;  the  upper  one  is  50  feet  in  length,  and  the  lower  one  90 
feet.  The  vein  is  irregular  and  of  variable  width;  at  the  face  of  the 
upper  tunnel  it  is  3  feet  wide.  It  carries  galena  and  some  pyrite  in  a 
gangue  of  quartz,  and  some  specimens  show  free  gold.  Selected 
samples  have  shown  a  high  content  of  gold  and  silver. 

On  Fish  Creek  No.  2  claim  a  vein  bearing  N.  50°  W.  and  leading 
down  to  Skookum  Creek  has  been  opened  at  intervals  for  500  feet. 
The  country  rock  is  a  greenish  granodiorite.  It  is  massive  at  a  dis- 
tance from  the  vein,  but  near  the  vein  it  is  broken  and  mashed  and 
shows  small  grains  of  introduced  pyrite.  A  thin  section  of  the  less- 
altered    rock    shows    plagioclase,    quartz,    and    accessory    titanite, 
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apatite^  and  magnetite,  with  secondary  biotite,  epidote,  seridte, 
calcite,  and  chlorite.  Fracturing  of  the  rock  and  granulation  of  the 
mineral  grains  are  conspicuous.  At  the  upper  opening  there  is  one 
1-foot  quartz  vein  and  several  parallel  veins  3  inches  or  less  in  width. 
Locally  barite  is  an  abundant  vein  mineral.  The  vein  strikes  N.  30° 
W.  and  dips  35°  NE.  The  quartz  holds  scattered  grains  and 
stringers  of  pyrite.  At  150  feet  to  the  northwest  the  vein  is  4  feet 
thick  and  contains  pyrite,  tetrahedrite,  and  a  little  copper  stain 
(malachite).  A  polished  section  of  the  ore  shows  a  gangue  of  quartz 
and  barite  cut  irregularly  by.  sulphides  (tetrahedrite,  with  less 
amounts  of  pyrite,  chalcopyrite,  and  a  little  sphalerite),  which  are 
essentially  contemporanceous.  Other  openings  trace  the  vein  to 
Skookum  Creek. 

On  the  east  side  of  Skookum  Creek,  just  at  its  mouth,  a  quartz 
vein  bears  up  the  hill  in  a  direction  N.  23°  E.  and  cuts  an  altered 
and  somewhat  pyritized  greenish  granitic  rock.  Just  at  the  creek 
the  vein  is  over  3  feet  thick,  strikes  N.  30°  E.,  and  dips  45°  SE. 
Farther  northeast  the  dip  is  steeper;  at  the  last  point  where  it  is 
opened  by  a  shaft  the  strike  is  N.  45°  E.  and  the  dip  50°  SE.  The 
vein  is  here  cut  off  by  a  fault,  which  strikes  N.  15°  E.  and  dips  85° 
NW.  The  vein  at  this  point  is  3  feet  thick  but  splits  below  into  two 
separated  by  a  horse  of  country  rock  1  foot  wide.  The  ore  is  mainly 
on  the  footwall  side.  The  vein  carries  galena.  Assays  of  the  lodes 
of  this  property  are  not  available. 

LmDBBOBG. 

D.  &  A.  Lindeborg  have  claims  east  of  the  Salmon  River  road  a 
little  above  Sevenmile  (No.  5,  fig.  1).  These  claims  lie  within  the 
granite  area,  in  a  sheared  granite  porphyry.  Two  tunnels  have  been 
driven  at  different  levels  on  a  quartz  vein  that  strikes  N.  60°  W.  and 
dips  60°  NE.  The  lower  timnel,  75  feet  long,  discloses  a  main  quartz 
vein  and  some  small  parallel  stringers  of  quartz  m  the  adjacent 
country  rock,  particularly  on  the  footwall  side.  The  quartz  carries 
pyrite  and  some  galena  and  chalcopyrite;  a  little  copper  stain  shows. 
A  good  deal  of  galena  with  some  pjrrite  and  a  little  chalcopjrrite  is 
found  in  the  adjacent  rock,  especially  on  the  hanging-wall  side. 

At  the  mouth  of  the  upper  tunnel  a  3-foot  vein  of  quartz  is  exposed. 
The  hanging-wall  half  of  the  vein  carries  pyrite  in  fairly  regular 
bands,  some  of  them  3  to  4  inches  thick.  These  general  relation3 
repeat  those  at  the  lower  tunnel. 

GHABLB8,  NELSON  &  PITCHEB. 

John  Charles,  Max  Nelson,  and  Jim  Pitcher  hold  claims  on  the 
east  side  of  Texas  Creek  2  miles  above  Salmon  River  (No.  6,  fig.  1). 
The  country  rock  is  a  greenish  sheared  f  acies  of  the  granite  porphyry 
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of  the  granite  area.  It  is  cut  by  small  quartz  veins,  but  the  sul- 
phides (sphalerite,  galena,  pyrite,  and  chaloopyrite)  do  not  occur  in 
the  veins  but  are  disseminated  in  the  silicified  porphyry.  Assays  from 
an  opening  to  the  north  and  a  little  up  the  hill  are  reported  to  show 
small  quantities  of  gold,  silver,  and  copper.  The  country  rock  here 
is  a  granodiorite.  The  thin  section  shows  plagioclase  (oligoclase)  in 
distinct  crystals,  quartz,  orthoclase  graphically  intergrown  with 
quartz,  and  biotite,  wholly  altered  to  secondary  products,  with  sec- 
ondary calcite,  sericite,  leucoxene,  and  quartz.  Much  calcite  and 
some  pyrite  have  been  introduced. 

MISCEIXANBOUS  PBOSPECT8. 

About  a  quarter  of  a  mile  south  of  the  Ninemile  roadhouse  a  40-foot 
opening  has  been  made  along  a  broken  zone  in  the  granite.  This 
opening  exposes  a  quartz  vein  6  to  8  inches  thick,  accompanied  by 
small  quartz  veins  in  the  crushed  country  rock.  The  lead  bears 
N.  25**  W.  and  dips  65**  NE.  Several  prospectors  were  in  the  field 
in  August,  1920,  but  no  discoveries  except  those  noted  above  are 
known  to  have  been  made. 


GEOLOGY  OF  THE  VICINITY  OF  TUXEDNI  BAY,  COOK  INLET. 


By  Fred  H.  Mofftt. 


INTRODUCTION. 

Location  and  area, — ^The  district  considered  in  these  notes  includes 
Chisik  Island  and  an  area  of  about  225  square  miles  of  mainland, 
approximately  square  in  outline,  extending  from  the  south  shore  of 
Tuxedni  Harbor  *  and  Tuxedni  Bay  southward  toward  Chinitna  Bay, 
as  far  as  Red  Glacier,  but  it  does  not  include  the  head  of  Tuxedni  Bay, 
which  was  not  visited  by  the  field  party  in  1920.  Interest  in  this 
area  lies  chiefly  in  the  relation  of  its  rocks  to  the  oil-bearing  sediments 
of  Oil  and  Iniskin  bays,  to  the  south,  and  the  possibility  of  oil 
production  within  it. 

Tuxedni  Bay  was  visited  by  Martin  and  Stanton  in  1904,  and  a 
detailed  description  of  the  rocks  is  contained  in  the  account  of  the 
Ilianma  region '  published  in  1912.  A  further  report  dealing  espe- 
cially with  the  oil  possibilities  of  the  district  has  recently  been 
prepared  by  Martin.*  The  work  of  1920  had  as  its  objects  the  making 
of  a  topographic  map  of  the  coast  of  Cook  Inlet  from  Tuxedni  Bay 
to  Uianma  Bay  and  a  study  of  the  geology  with  reference  to  the 
possibilities  of  producing  oil.  These  objects,  however,  owing  to 
various  difficulties,  were  accomplished  only  in  part. 

Outline  of  geography. — The  area  outlined  above  extends  from  the 
shore  of  Cook  Inlet  westward  to  Mount  Ilianma  and  the  high  moun- 
tains on  the  north-northeast.  It  is  a  rugged  coimtry  that  consists 
principally  of  the  flanking  mountains  of  the  main  rangq  and  includes 
little  flat  land  except  the  valley  of  Johnson  River.  The  maximum 
rehef  is  10,017  feet  (Iliamna  Peak),  but  the  average  elevation, 
exclusive  of  Mount  Iliamna  and  the  ridge  north  of  it,  is  under  4,000 
feet.  The  flanking  mountains  trend  parallel  to  the  west  shore  of 
Cook  Inlet  and  conform  with  the  trend  of  the  major  geologic  structure. 
These  mountains  consist  chiefly  of  sandstones  and  soft  shales  dipping 
from  10®  to  25°  or  possibly  30**  ESE.  Their  gentle  eastern  slopes  are 
dip  slopes,  and  their  abrupt  western  slopes  are  scarp  faces.  Erosion 
has  dissected  them  deeply,  and  they  are  profoundly  glaciated. 

1  Commonly  known  as  Snug  Harbor,  bat  called  Tuxedni  Harbor  by  decision  of  United  States  Geo- 
graphic Board. 

*  Martin,  G.  C,  and  Kats,  F.  J.,  A  geologic  reconnaissance  of  the  Iliamna  region,  Alaska:  U.  S,  Geol. 
Survey  Bull.  485^  pp.  99-^,  1912. 

*  Martin,  O.  C,  Preliminary  report  on  petroleum  in  Alaska:  U.  B.  GeoL  Surrey  Bull.  719,  pp.  42-55, 1921. 
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The  chief  stream  within  the  area  is  Johnson  River,  which  heads 
in  a  large  glacier  on  the  side  of  Mount  Iliamna  and  flows  east- 
ward into  Cook  Inlet.  The  level  valley  bottom  on  each  side  of  the 
river  is  crossed  by  small  sluggish  streams  and  dotted  with  numerous 
beaver  ponds.  Most  of  the  valley  bottom  is  impassable  for  pack 
horses  because  of  marshy  ground,  so  that  considerable  time  and  labor 
may  be  required  in  crossing  the  valley.  In  times  of  high  water 
during  the  warm  summer  days  Johnson  River  is  difficult  to  ford 
with  horses  because  of  swift  water  and  quicksands. 

Up  to  an  elevation  of  about  2,000  feet  the  area  is  covered  by  a 
dense  growth  of  alders,  which  make  travel  with  horses  absolutely 
impossible  until  a  trail  has  been  cut.  Through  the  alders,  both  on 
the  hill  slopes  and  in  the  valley  bottoms,  are  scattered  cottonwoods 
in  groves  and  as  individual  trees.  Spruce,  except  a  few  scattered 
trees  on  Chisik  Island  and  at  Fossil  Point,  does  not  grow  on  the 
shores  of  Tuxedni  Harbor,  but  it  occupies  much  of  the  narrow  coastal 
plain  extending  southward  from  the  mouth  of  Johnson  River  to 
Chinitna  Bay,  and  in  the  vicinity  of  Chinitna  Bay  it  furnishes  pilings 
for  fish  traps  and  for  the  wharf  at  the  cannery  in  Tuxedni  Harbor. 

DESCRIPTIVE  GEOIX)GT. 

GSXTERAL  SBCTIOK. 

The  distribution  of  the  geologic  formations  in  the  vicinity  of  Tux- 
edni Harbor  and  Tuxedni  Bay  is  represented  on  the  map  (PI.  II}  and 
in  the  following  table,  which  is  based  largely  on  the  work  of  Martin: 

FMt 

Quatenutfy:  Sands,  gravel,  moninal,  and  other  unconflolidated 

deposits. 
Upper  Jurassic: 

Naknek  formation;  shale,  sandstone,  arkoee,  andesitic  tu£F, 

and  conglomerate 5, 000 

Ohisik  conglomerate;  coarse  conglomerate,  of  variable  thick- 
ness^ consisting   predominantly   of  well-rounded  granite 

pebbles  in  an  andesitic  tuffaceous  matrix 290 

Chinitna  shale ;  fairly  homogeneous  marine  sedimentary  forma- 
tion consisting  of  soft  shale  with  subordinate  amounts  of 

sandstone  and  limestone 1, 300-2, 400 

Middle  Jurassic :  Tuxedni  sandstone ;  marine  sedimentary  formation 
consisting  predominantly  of  sandstone  but  including  a  large 
proportion  of  shale  with  subordinate  conglomerate  and  lime- 
stone   1,100 

Middle  or  Lower  Jurassic :  Granite,  granodiorite,  and  quartz  diorite. 
Lower  Jurassic  (?) :  Lava  flows  cut  by  later  intrusives. 

The  thicknesses  shown  are  those  given  by  Martin,  but  it  is  probable, 
as  he  points  out,  that  the  Tuxedni  sandstone  is  much  thicker  than  is 
indicated  in  the  table. 

The  exceUent  exposures  of  geologic  formations  on  the  coast  of 
Chisik  Island  and  Tuxedni  Bay  were  studied  in  detail  by  Martin  and 
Stanton,  and  the  carefully  measured  sections  made  by  them  are  given 
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in  the  account  by  Martin.^  Additional  collections  of  fossils  were 
obtained  from  these  formations  in  1920,  yet  little  can  be  added  to  the 
descriptions  of  the  rocks  themselves,  although  they  were  carefully 
studied  in  order  that  the  geologists  might  familiarize  themselves  with 
the  sections. 

The  axis  of  the  main  range  of  mountains,  which  extends  north  and 
south  from  Mount  Biamna,  is  made  up  of  granite  or  of  granitic 
rocks.  This  granite  in  the  vicinity  of  Tuxedni  Bay  is  bordered  on  the 
east  by  a  belt  of  volcanic  rocks  averaging  about  5  miles  in  width  and 
making  up  many  of  the  high  mountains  of  the  district.  The  volcanic 
rocks  and  the  granite  which  intrudes  them  are  not  oil  bearing  and  will 
not  here  be  described  in  greater  detail,  although  they  may  contain  de- 
posits of  metallic  minerals.  The  volcanic  rocks  in  turn  are  succeeded 
on  the  east  by  a  great  thickness,  approximately  9,000  feet,  of  sedi- 
mentary beds,  which  form  the  principal  subject  of  this  report.  They 
are  the  rocks  assigned  to  the  Middle  and  Upper  Jurassic  epochs  in  the 
table  and  consist  chiefly  of  shales  and  sandstones  but  include  many 
beds  of  conglomerate.  It  is  believed  that  the  contact  of  these  sedi- 
mentary beds  with  the  volcanic  rocks  on  the  west  is  a  fault  contact. 
The  beds  have  a  fairly  uniform  easterly  dip  averaging  about  20^  but 
diminishing  from  the  west  toward  the  east.    They  are  described 

briefly  below. 

lODBIiB  JUBA88X0  BOOKS. 

TUXEDNI   SAI^DSTONE. 

The  type  locality  of  the  Tuxedni  sandstone  is  on  the  south  shore  of 
Tuxedni  Bay,  where  it  is  exposed  in  practically  continuous  outcrops 
for  about  2i  miles.  This  section,  however,  does  not  include  an  tm- 
known  thickness  of  beds  overlying  the  beds  exposed  on  the  shore  of 
the  bay.  The  rocks  of  this  formation  extend  southwestward  from 
Tuxedni  Bay  in  a  narrow  belt  that  reaches  into  the  Alaska  Peninsula, 
but  they  are  not  known  to  be  present  on  the  north  side  of  the  bay, 
although  they  probably  continue  in  that  direction  and  may  some- 
time be  found  there. 

The  formation  is  made  up  of  marine  sediments  comprising  alter- 
nating beds  of  sandstone  and  sandy  shale  which  range  in  thickness 
from  1  foot  to  100  feet.  'Although  the  top  of  the  formation  was  not 
determined  in  1920  it  is  known  that  more  than  1,000  feet  of  sediments, 
chiefly  shale,  lie  above  the  beds  exposed  on  the  shore  of  the  bay,  as 
is  shown  in  the  ridge  between  Tuxedni  Harbor  and  Johnson  River.  It 
appears,  therefore,  that  the  TnininiiiTn  thickness  of  1,128  feet  given 
by  Martin  must  be  increased,  possibly  to  3,000  feet.  A  notable  fea- 
ture of  the  sandstone  members  that  crop  out  on  the  shore  of  Tuxedni 

Bay  is  that  in  considerable  part  they  were  formed  of  material  result- 

-       -  - 

^Martin,  O.  C,  op.  dt. 
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ing  from  the  rapid  weathering  of  igneous  rocks,  which  were  probably 
granite  or  related  granitic  rocks,  for  the  sandstones  contain  an  aban- 
dance  of  angular  feldispar  and  ferromagnesian  minerals. 

The  Tuxedni  sandstone  is  the  lowest  known  formation  of  the  Middle 
Jurassic  series  in  southwestern  Alaska.  It  contains  an  abundant 
invertebrate  fauna  and  has  yielded  good  collections  of  plants. 

The  Tuxedni  sandstone,  like  the  beds  overlying  it,  dips  away  from 
the  high  mountain  axis  toward  Cook  Inlet.  The  strike  is  about  N. 
30°  E.,  parallel  to  the  coast  line  of  the  inlet.  The  dip  is  slightly 
undulating  and  ranges  from  15°  to  25°  E.  The  sedimentary  beds  of 
the  Tuxedni  Bay  district  flatten  out  toward  the  inlet.  In  a  few 
places  small  open  folds  were  seen,  but  otherwise  the  nearly  unifonn 
easterly  slope  of  the  beds  appears  to  be  uninterrupted. 

T7PFXB  JTJBAS8I0  BOOKS. 
CmMITNA   SHALE. 

'  The  Chinitna  shale  is  a  marine  sedimentary  formation  occupying 
the  base  of  the  Upper  Jurassic  section  on  Gook  Inlet.  Its  type 
locality  is  Chinitna  Bay,  where  it  is  well  exposed  on  both  the  north 
and  south  shores,  but  it  extends  in  a  narrow  belt  a  mile  or  more 
wide  along  the  east  side  of  the  Tuxedni  sandstone,  appearing  on  the 
south  shore  of  Tuxedni  Harbor  and  on  the  west  side  of  Chisik  Island. 
It  consists  chiefly  of  dark  argillaceous  shale  but  contaios* subordinate 
beds  of  sandstone  and  limestone.  Its  thickness,  as  measured  by 
Martin,  is  nearly  2,400  feet.  So  far  as  is  now  known  the  Chinitna 
shale  rests  conformably  on  the  underlying  Tuxedni  sandstone  and 
differs  from  it,  as  pointed  out  by  Martin,  in  that  its  shales  are  argil- 
laceous rather  than  arenaceous.  In  general  it  has  the  same  strike 
as  the  Tuxedni  sandstone,  about  N.  30°  E.,  but  it  has  a  lower  average 
dip  and  in  the  vicinity  of  Tuxedni  Harbor  was  not  found  to  be  folded 
except  for  the  eastward  tilting  of  the  beds. 

.CHISIK   CONGLOMERATE. 

The  Chisik  conglomerate  forms  a  conspicuous  cliff  on  the  north 
and  west  side  of  Chisik  Island  and  is  well  developed  also  on  the  south 
side  of  Tuxedni  Harbor.  It  includes  several  hundred  feet  of  coarse 
conglomerate  in  which  are  included  beds  of  finer  conglomerate  and  of 
sandstone.  Boulders  and  cobbles  of  granite  and  other  granitic 
rocks  are  abundant  in  the  conglomerate  outcrops  of  Chisik  Island. 
The  matrix  containing  the  pebbles  and  cobbles,  according  to  Martin, 
is  an  andesitic  tuff.  The  Chisik  conglomerate  is  variable  in  composi- 
tion and  in  thickness.  Seemingly  it  is  much  less  well  developed 
south  ^^  "^ — ^ni  Harbor,  although  it  appears  in  the  mountain  south 
of  Jf 
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Fossils  have  not  been  found  in  the  con^omerate,  but  it  lies  between 
formations  of  Upper  Jurassic  age,  and  it  is  therefore  assigned  to  the 
Upper  Jurassic. 

NAKNEK   FORMATION. 

The  Naknek  formation  is  of  heterogeneous  composition  and  in- 
cludes more  than  5,000  feet  of  interbedded  shale,  sandstone,  arkose, 
andesitic  tuff,  and  conglomerate.  It  forms  a  belt  averaging  4  or  5 
miles  in  width  along  the  coast  of  Cook  Inlet  from  Chisik  Island  to 
Iniskin  Bay  and  continues  beyond  that  into  the  Alaska  Peninsula. 
The  shale,  tuff,  and  arkose  are  best  developed  in  the  lower  part  of  the 
formation.  The  upper  part  consists  largely  of  massive  light-colored 
sandstones  which  form  the  mountain  slopes  toward  the  coast  but  are 
more  conspicuous  because  of  the  prominent  westward-facing  cliffs 
made  by  their  scarps.  These  cliffs,  owing  to  their  light  color  and 
steep  faces,  are  very  noticeable  topographic  features  when  seen  from 
the  landward  side  but  are  less  prominent  when  seen  from  the  inlet. 

The  most  complete  section  of  the  Naknek  formation  that  has  yet 
been  measured  is  exposed  on  the  north  shore  of  Chinitna  Bay,  where 
it  was  studied  by  Martin  and  Stanton  in  1004. 

Fossils  are  not  numerous  throughout  the  Naknek  formation  but 
are  locally  abundant  and  fill  thick  beds.  From  their  evidence  the 
Upper  Jurassic  age  of  the  formation  is  determined. 

The  strike  of  the  Naknek  formation  is  parallel  to  the  shore  of  the 
inlet  in  the  vicinity  of  Tuxedni  Harbor  and  in  the  small  area  imder 
consideration  shows  little  deviation.  The  dip  ranges  from  10^  to 
possibly  20^  E.  and  in  general  is  lower  than  that  of  the  underlying 
sedimentary  beds.  No  reversed  dips  or  minor  folds  were  observed 
in  this  formation. 

QTTATBBNABY  BBPOSITS. 

The  Quaternary  deposits  of  Tuxedni  Bay  and  the  area  adjacent  on 
the  south  include  glaciofluvial  and  beach  deposits  made  up  of  re- 
sorted glacial  debris,  stream  gravels,  and  the  gravels  and  sand 
deposited  by  the  sea. 

Typical  glacial  deposits  are  not  weU  developed  except  in  the 
vicinity  of  the  existing  glaciers.  The  stream  and  beach  gravels,  how- 
ever, contain  an  abundance  of  foreign  material  which  was  undoubt- 
edly brought  in  by  the  ice  and  was  contributed  directly  to  them  or 
was  derived  from  the  destruction  of  previous  glacial  deposits.  The 
area  is  profoundly  glaciated  and  must  have  suppUed  an  immense 
quantity  of  debris  to  the  moving  ice.  Part  of  this  debris  was  carried 
to  the  sea,  but  another  part  was  left  on  the  land  and  was  thus  sub- 
jected to  re-sorting  and  redistribution  by  streams. 

The  valleys  of  Bear  Creek  and  Johnson  River  furnish  the  best  ex- 
amples of  these  re-sorted  deposits,  but  the  gravels  of  glacial  origin 
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are  so  thoroughly  intermingled  with  gravels  of  stream  origin  that  no 
distinction  between  them  is  possible. 

Johnson  River  in  part  of  its  course  has  cut  through  the  surface 
deposits  and  reveals  a  bed  of  fairly  coarse  gravel  tightly  cemented 
with  iron  oxide,  forming  a  hard  conglomerate.  This  bed  is  conspic- 
uous because  of  its  bright  color  and  contains  a  large  proportion  of 
fragments  of  vesicular  lava,  from  which  the  cementing  material  and 
consequently  the  color  was  derived.  The  source  of  the  lava  was  not 
visited,  but  it  is  believed  to  have  come  either  from  some  compara- 
tively recent  flow  from  Mount  Iliamna  or  else  from  the  volcanic  rocks 
underlying  the  Tuxedni  sandstone.  So  far  as  is  known  the  stream 
gravek  are  not  gold  bearing,  but  they  are  difficult  to  prospect  and 
little  attention  has  been  given  to  them. 

The  beach  deposits  form  a  nairow  border  along  the  shore  for  the 
most  part,  but  on  the  north  side  of  Tuxedni  Bay  and  north  of  Chinitna 
Bay  they  widen  to  a  narrow  coastal  plain  which  in  one  place  has  a 
breadth  of  over  2  miles. 

ST&TFcrrn&B. 

The  structure  of  the  sedimentary  beds  in  the  vicinity  of  Tuxedni 
Bay  has  been  indicated  in  the  descriptions  already  given  and  is  shown 
on  the  section  on  the  map  (PL  II).  These  beds  from  the  Tuxedni 
sandstone  to  the  Naknek  formation  have  a  moderate  easterly  dip 
toward  the  shore  of  Cook  Inlet  and  strike  parallel  to  the  shore,  or 
about  N.  30^  E.  A  slight  flattening  of  beds  nea^  the  coast  line  is 
noticed,  for  the  average  dip  there  is  between  10^  and  15^,  as  com- 
pared with  20**  or  more  at  the  upper  end  of  Tuxedni  Bay.  The 
rarity  of  local  variations  in  dip  is  notable.  Folds  and  even  short 
undulations  in  the  beds  are  uncommon,  although  it  should  be  said 
that  the  dense  covering  of  alders  on  aU  the  lower  hill  slopes  obscures 
the  structure  in  many  places  and  possibly  conceals  folds  that  are 
present. 

Faults  of  small  displacement  were  observed  at  ^different  places,  but 
no  great  faults  were  seen  within  the  area  of  the  sediments.  It  is 
probable,  however,  that  the  contact  of  the  Tuxedni  sandstone  with 
the  imderlying  volcanic  rocks  is  a  fault  contact.  Martin,^  from  his 
study  of  the  relations  between  the  volcanic  rocks,  the  Tuxedni  sand- 
stone, and  the  Chinitna  shale  in  Chinitna  Bay,  reached  the  conclusion 
that  the  sedimentary  beds  are  most  probably  separated  from  the 
volcanic  rocks  by  a  fault  of  considerable  vertical  and  longitudinal 
extent,  although  he  suggests  other  possible  explanations  of  the 
relations  existing  there. 

Although  the  Jurassic  beds  in  the  vicinity  of  Tniskin  Bay  and  Oil 

Bay  are  known  to  carry  a  certain  quantity  of  petroleum,  as  is  shown 

-  -    -   -  ■" 
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by  oil  seeps  and  drilling,  the  structure  of  these  beds  in  the  vicinity  of 
Tuxedni  Bay  is  not  considered  to  be  especially  favorable  for  the 
accumulation  ojf  oil,  for,  so  far  as  observation  has  shown,  the  struc- 
tural features  conunonly  considered  as  favorable  or  necessary  for  the 
retention  of  oil  within  an  oil  reservoir  are  not  well  developed  here. 
On  the  other  hand,  the  sedimentary  beds  themselves  are  seemingly 
as  favorable  for  the  development  of  the  oil  as  the  corresponding  beds 
farther  south.  The  petroleum  of  Iniskin  and  Oil  bays  is  beUeved  to 
be  derived  from  the  lower  part  of  the  Tuxedni  sandstone  and  is 
stored  in  the  porous  beds  of  that  formation.  If  the  lower  beds  of  the 
Tuxedni  sandstone  in  the  vicinity  of  upper  Tuxedni  Bay  have  ever 
been  oil  bearing,  it  seems  likely  that  much  of  the  oil  has  escaped  to 
the  surface  and  been  lost  during  the  long  time  that  these  upturned 
beds  have  been  exposed  to  erosion,  yet  they  may  possibly  still  con- 
tain oil  stored  either  in  lenticular  sand  beds  surrounded  by  impervious 
ahale  or  in  sand  beds  sealed  by  being  faulted  against  impervious 
shale. 

If  the  deeply  buried  part  of  the  formation  in  the  area  nearer  the 
inlet  is  oil  bearing,  it  is  unfavorable  from  the  standpoint  of  the  driller 
because  of  the  great  thickness  of  overlying  beds  that  must  be  pene- 
trated in  order  to  reach  the  oil.  The  depth  of  the  drill  hole  woidd  be 
not  only  the  thickness  of  the  beds  but  an  added  depth  due  to  the 
tilt  of  the  beds,  which,  however,  in  beds  of  low  dip  is  not  great.  The 
maximum  depth  to  the  top  of  the  Tuxedni  sandstone  near  the  en- 
trance to  Tuxedni  Harbor  is  at  least  6,000  feet.  Drilling  in  this 
vicinity  woidd  therefore  seem  unadvisable  unless  much  more  favor- 
able structural  conditions  should  be  discovered  than  are  now  known. 
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By  Geobge  C.  Mabtin. 


DISCOVERY  AND  DEVBLOPMENT. 

The  recent  discovery  of  deposits  of  high-grade  gold  ores  in  the 
upper  Kuskokwim  region  has  attracted  attention  to  a  part  of  Alaska 
that  is  comparatively  little  known  either  to  the  general'  public  or  to 
mining  men  or  g^logists. 

For  several  years  a  few  small  placer  mines  have  been  worked  on 
Ruby  and  Hidden  creeks,  which  are  tributary  to  Nixon  Fork  from 
the  south.  In  the  course  of  this  placer  mining  it  was  found  that  the 
gold  became  more  abimdant  as  it  was  followed  up  the  creeks,  but 
that  above  certain  points  it  was  no  longer  found.  Shafts  sunk  into 
the  bedrock  at  the  limits  of  the  placer  gold  revealed  rich  gold-bearing 
lodes  lying  on  or  near  a  monzonite-limestone  contact.  Further  pros- 
pecting at  this  contact  revealed  the  presence  of  other  gold  lodes. 
Shafts  were  sunk  early  in  1919  on  two  of  the  more  promising  of  these 
lodes,  and  from  one  of  them  several  hundred  tons  of  high-grade  ore 
was  mined  in  the  winter  of  1919-20.  This  ore  was  sledded  to  Kus- 
kokwim River  and  in  the  summer  of  1920  it  was  shipped  to  the 
Tacoma  smelter.  In  the  meantime  prospectors  had  traced  the  con- 
tact of  the  monzonite  boss  near  the  margin  of  which  the  known  lodes 
he,  had  staked  claims  along  probably  the  entire  contact,  over  much 
if  not  all  of  the  monzonite  area,  and  over  part  of  the  surrounding 
limestone,  and  had  dug  many  trenches  and  pits  along  the  contact 
and  at  other  places,  revealing  the  presence  of  many  ore  bodies  of 
different  sizes  and  richness.  Many  of  the  more  promising  claims, 
including  the  one  from  which  ore  had  been  shipped,  passed  into  the 
control  of  the  Alaska  Treadwell  Gold  Mining  Co.  and  associated 
interests  early  in  1920.  During  the  summer  of  1920  the  Alaska 
Treadwell  Co.  was  actively  engaged  in  prospecting  its  holdings,  and 
prospecting  was  being  continued  on  a  smaller  scale  on  some  of  the 
other  claims. 

SOURCES    OF   INFORMATION. 

Although  the  lower  part  of  Kuskokwim  River  was  explored  in  1832, 
information  concerning  the  upper  part  is  still  scanty.  Several  pros- 
pectors visited  the  upper  part  of  the  river  between  1889  and  1898. 
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The  earliest  precise  information  concerning  the  country  through 
which  the  upper  river  flows  was  gained  by  J.  E.  Spurr  ^  and  W.  S. 
Post,  who,  in  the  summer  of  1898,  crossed  the  AlaskaRange  at  the  head- 
waters of  Skwentna  River  and  of  the  South  Fork  of  the  Kuskokwim 
and  descended  the  Kuskokwim  to  its  mouth  (PI.  III).  The  resulting 
geologic  information  and  maps  of  the  area  adjacent  to  the  river  from 
the  forks  to  McGrath  have  been  used  in  this  report.  In  1899  Lieut 
Joseph  S.  Herron '  crossed  the  Alaska  Range  at  the  head  of  Eichatna 
River  and  explored  areas  on  various  tributaries  of  the  Kuskokwim 
above  the  forks.  In  1901  a  steamer  was  taken  up  the  Kuskokwim  to 
the  forks.  In  1902  an  expedition  under  ibe  leadership  of  Alfred  H. 
Brooks'  crossed  the  Alaska  Range  through  Rainy  Pass,  near  the 
headwaters  of  the  South  Fork  of  the  Kuskokwim,  and  traveled 
northward  along  the  western  base  of  the  Alaska  Range.  In  1907 
0.  B.  Gordon^  reached  the  headwaters  of  the  North  Fork  of  the 
Kuskokwim  by  way  of  Kantishna  River  and  Minchumina  Lake  and 
descended  the  Kuskokwim  to  its  mouth.  Gordon's  account  of  his 
explorations  contains  some  general  information  on  the  region  and 
much  information  concerning  the  natives  but  very  few  accurate  carto- 
graphic or  geologic  data.  A  preliminary  railroad  survey  from  the 
Susitna  Valley  to  Iditarod  by  way  of  the  South  Fork  of  Kuskokwim 
River  was  made  in  1914  by  J.  L.  McPherson  for  the  Alaskan  Engi- 
neering Commission. 

Information  bearing  upon  this  district  is  to  be  found  in  descrip- 
tions of  neighboring  districts,  notably  in  accounts  by  Smith  ^  of  an 
area  on  the  south,  by  Eakin  *  of  an  area  on  the  northeast,  and  by 
Mertie  and  Harrington  ^  of  an  area  on  the  west. 

•The  prospects  in  the  district  have  been  described  by  J.  S.  Rivers  • 
and  by  an  anonymous  writer  *  and  have  been  briefly  mentioned  by 
Brooks  and  Martin.^^ 

The  statements  herein  presented  are  based  primarily  on  obser- 
vations made  by  the  writer  in  a  brief  visit  in  the  summer  of  1920, 
but  they  include  also  such  other  information  as  could  be  gathered 
from  various  sources.    Acknowledgment  should  be  made  for  aid 

1  Spurr,  J.  £.,  A  reocmnaisssnce  in  southwestern  Alaska  \n  V98:  U.  8.  Oeol.  Surrey  Twentieth  Ann. 
Kept.,  pt.  7,  pp.  31-264,  pis.  7-13,  maps  4-14, 1900. 

a  Hsron,  J.  S.,  Bxploratkms  in  Alaska,  1890,  for  an  an-Amorican  route  tnm  Cook  Inlet,  Paofic  Oeean, 
to  the  Yukon:  War  Department,  A^jt.  General's  Offloe,  No.  31, 1901,  pp.  1-77,  with  maps. 

>  Brooks,  A.  H.,  The  Mount  McKlnley  region,  Alaska:  U.  S.  Qeol.  Survey  Prof.  Paper  70,  234  pp.,  IS 

pis.,  1911. 

•  Gordon,  G.  B.,  In  the  Alaskan  wilderness,  247  pp.,  1917. 

»  Smith,  P.  S.,  The  Lake  Clark-central  Kuskokwim  region,  Alaska:  IT.  8.  Oeol.  Surrey  Bull.  tSo,  163 
pp.,  12  pb.,  1917. 

•  Eakin,  H.  M.,  The  Cosna-Nowitna  region,  Alaska:  U.  S.  Ged.  Survey  Bull.  067,  hi  pp.,  8  pis.,  1017. 

'  Mortie,  J.  B.,  jr.,  and  Harrington,  O.  L.,  Mineral  resources  of  the  Rnby-Kuskokwim  region:  U.  S. 
Oeol.  Survey  Bull.  642,  pp.  223-266,  pi.  11, 1916. 

•  Rivers,  J,  8.,  £ng.  and  Min.  Joor.,  Aug.  it,  1920. 

•  Min.  and  Sd.  Press,  vol.  121,  pp.  475-476,  lfl20. 

M  Brooks,  A.  H.,  and  Martin,  G.  C,  The  Alaskan  mining  industry  hi  1919:  U.  8.  Geci.  Survey  BoIL 
714,  p.  93, 1921. 
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rendered  to  the  vrriter  in  the  field  and  for  information  furnished  by 
all  the  local  claim  owners,  miners,  and  prospectors  and  especially 
by  Mr.  Livingston  Wemecke,  who  was  in  charge  of  the  local  opera^ 
tions  of  the  Alaska  Tread  well  Mining  Co.  Much  of  the  information 
here  presented  would  not  have  been  available  without  Mr.  Wemecke's 
cordial  and  generous  cooperation. 

OEOORAPHIC    ENVIRONMENT. 

posmox. 

The  lode  prospects  to  be  described  are  about  12  miles  north  of  the 
forks  of  the  Kuskokwim.     (See  fig.  4.)     The  forks  are  in  west- 


FiQXTBB  4.~Ixidex  map  of  apper  Kuskokwim  basin.  The  rectangle  indicates  the  area  shown  in  figure  5. 

central  Alaska,  in  about  latitude  63®  N.,  longitude  154**  W.,  or  about 
500  miles  above  the  head  of  deep-water  navigation  at  Bethel  and 
600  miles  from  the  mouth  of  the  river.  The  prospects  and  the 
exposures  described  are  all  included  within  a  small  area  near  the 
divide. between  the  main  Kuskokwim  and  Nixon  Fork,  which  is  one 
of  the  larger  northern  tributaries  of  the  Kuskokwim.  The  district 
has  been  popularly  known  as  the  "Nixon  Fork  country/'  but  this 
name  is  not  especially  appropriate  and  will  probably  be  replaced 
in  local  usage. 
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The  only  feasible  route  to  the  camp  that  is  at  present  open  m 
BUimner  is  that  by  way  of  the  Kuskokwim,  either  from  its  mouth  or 
from  McOrath,  which  may  be  reached  by  an  overland  route  from 
Iditarod.  McGrath  was  tiie  nearest  permanent  settlement  in  1920, 
although  there  seemed  to  be  promise  that  a  small  settlement  would 
be  established  at  Berry's  Landing,  near  the  forks  of  the  Kuskokwim, 
about  90  miles  above  McQrath.  (See  PL  III.)  Berry's  Landing  is 
the  head  of  ordinary  navigation  on  the  Kuskokwim;  it  can  be  reached 
by  launches  or  small  steamers.  Although  the  river  is  probably 
navigable  by  small  boats  for  some  distance  above  the  forks,  Berry's 
Landing  is  the  nearest  point  on  the  river  to  the  lode  prospects.  From 
this  landing  a  wagon  road  leads  northward  about  15  miles  to  the 
prospects.  This  road  was  not  in  good  condition  in  1920^  being 
with  difficulty  kept  passable  for  heavy  freight  wagons.  It  is  believed, 
however,  that  a  good  road  could  be  constructed  on  or  near  the 
position  of  the  present  road,  although  there  are  many  very  swampy 
areas  which  it  may  prove  difficult  to  avoid  or  to  improve.  About 
halfway  from  Berry's  Landing  to  the  prospects  the  road  leaves  the 
flats  and  climbs  onto  solid  ground  on  the  slopes  of  the  hills.  From 
this  point  to  the  mines  the  road  is  in  good  condition.  There  was  in 
1920  no  regularly  scheduled  navigation  on  the  river.  Small  steam- 
ers and  launches  ascended  the  river  with  freight  from  Bethel  when- 
ever an  ocean  shipment  arrived  at  that  port,  and  launches  went  up 
from  McGrath  whenever  business  offerod.  A  few  travelers  have 
made  the  siunmer  journey  to  the  camp  from  Ruby,  and  some  possibly 
from  points  in  the  Tanana  Valley,  but  thero  are  no  established  sum- 
mer trails,  and  the  soft  ground  and  brush  make  travel  over  a  direct 
or  random  route  from  these  points  very  difficult.  Summer  travel 
from  these  directions  is  consequently  not  to  be  reconmiended  imtil 
trails  are  built. 

In  winter  the  district  is  accessible  by  sled  routes  from  almost  any 
desired  direction.  It  lies  not  far  north  of  the  former  ¥dnter  mail 
route  from  Anchorage  to  Iditarod  and  can  be  easily  reached  from  any 
of  the  settlements  in  the  Tanana  Valley. 

Ciomparatively  easy  access  to  the  district  coidd  probably  be  had  in 
either  smnmer  or  winter  over  a  road  built  from  some  point  on  the 
Government  railroad  between  Nenana  and  the  foothills  of  the  Alaska 
Range.  Such  a  road  would  be  about  200  miles  long  (see  PI.  Ill)  and 
would  follow  the  foothills  of  the  Alaska  Range  through  the  Kantishna 
district,  past  Lake  Minchumina  and  the  headwaters  of  the  North 
Fork  of  the  Kuskokwim,  and  would  continue  along  the  divide  between 
Nixon  Fork  and  the  Kuskokwim.  Much  of  the  area  that  would  be 
traversed  is  unsurveyed,  but  enough  is  known  about  the  general 
character  of  the  country  to  make  it  practically  certain  that  a  feasible 
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route  for  a  road  can  be  found.  If  a  productive  mining  camp  is 
established  here  it  is  believed  that  most  of  the  transportation  of 
passengers  and  light  freight  to  and  from  the  district  will  be  over  some 
such  route  as  this,  though  heavy  freight  will  probably  always  move 
over  Kuskokwim  River. 

BELIEF  AND  DBAIKAQE. 

The  camp  is  in  a  group  of  irr^ular  rounded  hills,  which  have  no 
definite  trend  and  stand  in  general  about  1,000  feet  above  the  forks 
of  the  Kuskokwim,  or  probably  about  1,500  feet  above  sea  level. 
The  area  is  in  one  of  the  higher  parts  of  the  line  of  hills  which  forms 
the  divide  between  Nixon  Fork  and  the  Kuskokwim.  The  hills  in 
the  immediate  vicinity  of  the  camp  have  steep  but  fairly  smooth  slopes. 
Cliffs,  sharp  peaks,  and  ridges  of  definite  trend  are  noticeably  absent. 
The  area  between  the  hills  and  the  Kiiskokwim  is  an  imperfectly 
terraced  flat  having  a  general  elevation  of  about  50  feet  above  the 
river.  It  is  the  customary  river  flat  of  interior  Alaska  and  is  prob- 
ably formed  of  several  terraces,  but  no  detailed  information  concern- 
ing their  number,  attitude,  and  form  is  at  hand.  All  the  prospects 
thus  far  discovered  are  on  the  Nixon  Fork  side  of  the  divide,  on  small 
creeks  that  flow  out  from  the  hills  and  meander  across  the  broad, flat 
valley  to  join  Nixon  Fork,  which  follows  a  most  meandering  course, 
as  indicated  on  the  accompanying  map  (PI.  III).  The  courses  of 
these  creeks  beyond  the  immediate  vicinity  of  the  prospects  and  the 
identity  of  possibly  larger  streams  into  which  they  may  empty  before 
reaching  Nixon  Fork  is  not  known.  The  lack  of  knowledge  concern- 
ing them  is  indicated  by  the  names  Puzzle,  Mystery,  Hidden,  and 
Riddle,  which  have  been  applied  to  some  of  the  creeks. 

VEQETATIOII. 

The  hills  and  small  valleys  in  the  vicinity  of  the  camp  are  covered 
with  a  fairly  uniform  but  in  general  open  mixed  forest  of  spruce 
and  birch,  and  on  the  hillsides  there  are  fairly  numerous  but  not 
very  dense  thickets  of  alders  and  willows.  A  remarkably  thick  coat 
of  moss  covers  all  the  slopes.  Exposures  of  rock  or  bare  ground  are 
very  scarce,  even  along  the  creeks  or  on  the  tops  of  the  highest  hills. 
The  flats  along  Kuskokwim  River  bear  scattered  patches  of  forest, 
which  are  separated  by  swamps  and  meadows.  The  trees  include 
spruce,  poplar,  and  larch,  the  poplar  predominating  except  in  favored 
places,  most  of  them  either  near  the  river  or  at  the  base  of  the  hills, 
where  there  are  forests  of  spruce. 

Grass  grows  abundantly  on  the  hillsides  and  in  the  more  open 
birch  forests.  There  is  also  much  grass  on  the  flats,  but  most  of  it 
is  marsh  grass.  The  parts  of  the  flats  seen  by  the  writer  are  either 
swampy  or  have  been  recently  burned  over  and  bear  little  or  no 
useful  vegetation. 
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The  larger  animals  include  mooee,  caribou,  and  probably  both 
brown  and  black  bear.  All  are  relatively  scarce,  for  this  district 
lies  in  one  of  the  poorer  game  countries  of  central  Alaska.  The 
reason  for  the  scarcity  of  the  larger  game  animals  is  not  known. 
They  have  not  been  exterminated  by  hunt^rs^  for  the  human  popu- 
lation, both  white  and  native,  is  small,  and  there  has  been  no  hunting 
for  market  or  for  trophies.  The  smaller  fur-bearing  animals  are  said 
to  be  abundant.  The  useful  birds  include  numerous  grouse  and 
waterfowl  of  various  kinds. 

CLDCATE. 

This  district  is  within  the  more  rainy  part  of  central  Alaska. 
Summer  rains  are  much  more  frequent  Uian  in  the  Yukon*Tanana 
region,  but  the  rainfall  is  of  course  not  so  great  as  that  of  the  coast 
region.  No  weather  records  are  available,  but  the  abundance  of 
rain  is  indicated  not  only  by  the  general  observations  of  the  inhabit- 
ants but  by  the  dense  growth  of  moss  on  the  hillsides. 

GEOLOGY. 

The  rocks  exposed  in  the  vicinity  of  the  prospects  include  Paleozoic 
(probably  Middle  Devonian,  though  possibly  Ordovician)  limestone 
and  shale,  a  mass  of  quartz  monzonite  which  is  intruded  into  the 
limestone,  terrace  gravel,  and  stream  gravel.  (See  fig.  5.)  The  lime- 
stone and  shale  are  believed  to  underlie  a  large  area  throughout  the 
region  and  are  probably  cut  by  numerous  masses  of  quartz  monzonite 
that  have  not  yet  been  discovered. 

LIHESTONB. 

The  rocks  in  the  vicinity  of  the  lode  prospects  of  the  Kuskokwim, 
except  the  intrusive  rocks  and  gravels,  are  limestones  that  are  believed 
to  be  part  of  the  limestone  and  slate  which  Spurr  ^^  has  described 
as  the  "Tachatna  series"  (now  spelled  Takotna).  The  fact  that  the 
writer  observed  only  limestone  with  little  if  any  interbedded  shale 
or  slate  in  the  hills  near  the  lode  prospects,  whereas  Spurr  described 
the  exposures  in  the  river  bank  as  including  much  shale  or  slate, 
probably  means  that  the  limestone  finds  its  characteristic  topographic 
expression  in  the  peaks  and  ridges,  which  comprise  almost  the  only 
exposures  of  bedrock  away  from  the  river.  The  additional  fact  that 
the  exposures  are  few  but  are  practically  all  of  limestone  is  perhaps 
an  indication  that  limestone  is  not  areally  the  most  extensive  rock 
of  the  district. 

11  Spurr,  J.  E.,  A  reconnalssanoe  in  southwestern  Alaska  in  lg98:  U.  8.  Geol.  Survey  Twentieth  Ann. 
Rept.,  pt.  7,  pp.  133,  lS7-lfi9, 170, 1900. 
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The  exposures  noted  by  the  writer  are  of  fine-grained  blue  lime- 
stone, which  is  recrystallized  to  a  moderate  extent  and  cut  by  a 
multitude  of  irr^ular  joints  and  by  nutny  thin  seams  of  calcite. 
The  bedding  is  obscure  and  possibly  has  been  destroyed  by  shattering 
and  recrystallization.  No  other  rocks  interbedded  with  the  limestone 
were  observed.  No  estimate  of  thickness  or  determination  of  the 
structure  was  made.  Fossils  were  sought  with  considerable  care,  but 
none  were  found. 

These  limestones  are  believed  to  be  the  equivalent  of  the  Takotna 
"series/'  which,  as  described  by  Spurr,  includes  the  exposures  on  the 
north  bank  of  the  Kuskokwim  between  the  forks  and  the  mouth  of 
Takotna  River.    The  Takotna  "series"  was  described  by  Spurr" 

as  follows: 

• 

The  Tftrhatna  aeries  conaiata  of  a  seriee  of  gray,  generally  thin-bedded  limestoneB, 
with  limy,  carbonaceoua,  and  chloritic  ahalea  and  aome  fine-grained  arkoees.  The 
Tocka  have  been  conaiderably  folded  and  contain  frequent  quartz  veins.  T^ey  are 
cut  by  granitic  dikes  in  rare  cases.  From  the  light-gray  limestone  in  this  series  fossils 
have  been  obtained  which  indicate  a  probable  Middle  Devonian  age  for  this  horizoQ. 
The  Tachatna  series  is  separated  from  the  overlying  Holiknuk  series,  in  which  prob- 
able Cretaceous  fossils  occur,  by  an  unconformity,  while  the  series  underlying  the 
Tachatna  was  not  exposed. 

The  Middle  Devonian  age  of  the  Takotna  ^'series"  has  been  deter- 
mined from  fossils  collected  by  Spurr  at  a  locality  on  the  north  bank 
of  the  Kuskokwim,  about  halfway  between  the  forks  and  the  mouth 
of  Takotna  River.  The  following  statement  ^'  concerning  these  fos- 
sils was  written  by  Charles  Schuchert: 

The  material  submitted  consists  of  a  blackish,  weather-worn  limestone,  containing 
the  following  corals: 

FavoriteSf  much  like  F.  billinggi  of  the  Hamilton  formation. 

FavositeSf  with  smaller  corallites.  It  may,  however,  be  a  variation  of  the  one 
mentioned  above. 

Alveolites^  with  very  small  corallites. 

Striaioporat  sp.  undet. 

CrepifhphyUum  f 

Stromatoporoids,  two  species,  one  having  a  globular  and  the  other  a  ramose  mode 
of  growth. 

There  are  no  corals  in  this  faima  pointing  unmistakably  to  the  Silurian  (Upper), 
and  since  there  is  nothing  present  to  disprove  a  Middle  Devonian  aspect,  I  aBsume 
that  to  be  the  age. 

The  only  other  Devonian  locality  known  to  me  in  Alaska  is  Kuiu  Island,  Saginaw 
Bay,  in  southern  Alaska,  south  of  Sitka.  (See  U.  S.  Geol.  Survey  Seventeenth  Ann. 
Rept.,  pp.  900  and  902.)  The  fossils  from  Cape  Lisbume,  in  north  Alaska,  are  also  all 
corals  and  appear  to  indicate  the  Upper  Silurian,  but  there  is  also  a  possibility  of 
their  being  Devonian.  The  few  fossils  gathered  last  summer  by  Mr.  Brooks  may 
|dso  be  Devonian. 

It  is  also  possible  that  the  limestone  exposed  near  the  prospects 

may  be  the  equivalent  of  an  Ordovician  limestone  found  near  the 

tt , 

u  Spurr,  J.  E.,  op.  clt.,  p.  179.  "  Idem,  pp.  158-159. 
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headwaters  of  the  North  Fork  of  the  Kuskokwiin  and  described  by 
Eakin.**  This  Ordovician  limestone  occurs  at  the  north  end  of  the 
range  of  hills  which  extends  northeast  from  the  locality  herein 
described.  The  intervening  area  has  not  been  traversed  by  geologists, 
and  it  is  not  known  that  the  limeetone  extends  through  it  continu- 
ously,  but  observations  made  by  Eakin  and  by  the  writer  from  the 
north  and  south  ends  of  the  intervening  belt  indicate  that  this  inter- 
vening area  is  probably  chiefly  limestone.  It  is  therefore  possible 
that  the  limestone  at  the  prospects  is  continuous  with  the  limestone 
near  the  headwaters  of  the  Kuskokwim  and  is  of  Ordovician  age 
instead  of  being  continuous  with  the  nearer  Devonian  limestone 
exposed  on  the  banks  of  the  river, 

INT&U8IVB  BOCKS. 

A  roughly  oval  area  of  quartz  monzonite,  about  3  by  5  miles  in  size, 
cuts  the  limestone  in  the  vicinity  of  the  prospects.  A  few  small  basic 
dikes,  one  of  which  (p.  161)  is  of  pyroxenite,  have  also  been  intruded 
into  both  the  monzonite  and  the  limestone.  The  monzonite  is  locally 
known  as  granite  and  may  properly  be  so  called  in  popular  speech, 
although  microscopic  examination  shows  that  it  differs  somewhat 
from  a  true  granite,  being  more  basic  and  therefore  intermediate  in 
composition  between  granite  and  diorite.  The  monzonite  of  this 
area  is  very  similar  to  the  monzonite  of  the  Iditarod  and  Candle  Creek 
gold  placers.  It  is  a  sodic  quartz  monzonite  composed  of  quartz, 
andesine,  albite,  biotite  which  is  partly  chloritized,  apatite,  and 
zircon.  It  is  possible  that  there  are  other  masses  of  monzonite  in  thfe 
vicinity,  and  other  igneous  rocks  may  also  be  present. 

QRAVELS. 

The  flats  bordering  Kuskokwim  River  are  covered  with  bench 
gravels  that  extend  in  places  for  several  miles  back  from  the  river. 
No  record  of  the  altitude  of  the  highest  benches  was  made,  but  the 
writer  believes  that  the  general  upper  limit  of  the  well-developed 
benches  is  about  100  feet  above  the  river.  Spurr "  records  a  silt 
bluf!  100  or  150  feet  high  about  halfway  between  the  mouth  of  the 
East  Fork  and  the  mouth  of  Takotna  River  and  notes  that  the  silt 
banks  between  this  locality  and  some  localities  well  up  on  the  South 
Fork  do  not  rise  more  than  20  feet  above  the  river.  The  writer  agrees 
with  this  observation  but  believes  that  higher  terraces,  not  cut  by  the 
river,  are  present  in  this  interval.  These  deposits  are  the  usual  river 
benches  of  interior  Alaska  and  call  for  no  special  description. 

The  small  streams  near  the  lode  prospects  have  the  customary 

alluvial  wash,  which  is  locally  gold  bearing. 

1  .     -  -  .    - ■     -■» 

14  Eakin,  H.  M.,  The  Coraa-NowitnA  region,  Alaska:  U.  S.  Geol.  Soirey  Bull.  067,  pp.  23-25, 1918. 
t»  Op.  cit.,  p.  122. 
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Glacial  deposits  are  not  known  in  the  region,  although  much  of  the 
material  in  the  terraces  and  bars  of  the  Kuskokwim  was  derived  from 
glacial  deposits  in  and  near  the  Alaska  Range. 

MINERAIi   RESOURCES. 

GOLD  L0DB8. 
OOCUBBENCE. 

The  gold  lodes  herein  described  lie  on  or  near  a  contact  between 
quartz  monzonite  ("granite")  and  limestone.  The  monzonite  out- 
crops in  a  roughly  elliptical  area  measuring  about  3  by  5  miles.  The 
west  side  of  the  monzonite  has  an  irregular  outline  that  may  be  due 
either  to  erosion  along  a  sloping  contact,  to  original  irregularity  in 
the  shape  of  the  monzonite  mass,  or  to  deformation.  The  rocks  are 
so  poorly  exposed  that  the  contact  relations  are  not  well  known,  but 
it  is  believed  that  the  monzonite  is  intrusive  into  the  limestone, 
that  the  western  margin  of  the  monzonite  slopes  westward  at  an 
angle  departing  appreciably  and  perhaps  considerably  from  the  ver- 
tical, and  that  the  contact  has  been  modified  by  faulting  along  lines 
diagonal  to  its  original  direction. 

All  the  known  ore  bodies  and  most  of  the  indications  of  mineraliza- 
tion have  been  found  at  or  near  the  contact  of  the  monzonite  and 
the  limestone,  near  the  western  margin  of  the  monzonite,  at  places 
where  the  contact  departs  sharply  from  its  general  northerly  trend. 
The  ore  does  not  occur  in  one  continuous  body  but  in  several  lenticular 
masses,  none  of  which  has  yet  been  traced  for  any  considerable  dis- 
tance. It  is  beUeved  that  workable  ore  is  more  likely  to  be  found 
where  the  contact  has  been  cut  by  faults  or  by  zones  in  which  the 
rocks  are  shattered.  The  ore  bodies  perhaps  extend  along  the  faults 
for  considerable  distances  from  the  intrusive  contact  or  along  the 
contact  for  considerable  distances  from  the  faults. 

Although  the  ore  shows  considerable  differences  in  appearance  and 
in  richness  from  one  prospect  to  another,  it  is  probably  of  one  general 
type,  characterized  by  the  presence  of  gold-bearing  copper  sidphides, 
which  have  been  deeply  and  thoroughly  weathered  in  most  of  the 
prospects  to  iron  oxides  and  hydroxides  and  copper  carbonates. 
The  ore  in  all  the  prospects  except  the  Crystal  shaft  is  thoroughly 
oxidized  to  the  extreme  depth  reached  by  the  workings  in  August, 
1920.  The  ore  in  the  Crystal  shaft,  on  the  contrary,  is  unoxidized, 
even  at  the  surface.  The  lack  of  alteration  at  the  Crystal  shaft 
may  be  due  to  some  unexplained  tightness  of  the  fissure  or  to  the 
fact  that  this  ore  body  is  within  the  monzonite,  whereas  most  of 
the  others  are  in  the  limestone  or  on  the  contact. 
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No  assays  of  the  ore  have  been  made  by  the  Geological  Survey. 
A  published  description,"  which  is  believed  to  be  based  on  reliable 
first-hand  information,  says: 

The  ore  is  valuable  chiefly  for  gold,  but  it  carries  2  or  3  ounces  of  diver,  and  some 
of  it  contains  from  2  to  8  per  cent  copper.  *  *  *  Several  lenses  of  ore  have  been 
disclosed;  they  consist  of  high-grade  ore — ^for  example,  38  feet  assaying  $56  and  32 
feet  assaying  $65  per  ton.  A  large  proportion  of  the  ore  as8a3r8  between  $30  and  $35 
per  ton,  for  a  full  stoping  width,  but  the  ore  bodies  are  comparatively  short— for  ex- 
ample, 40  to  60  feet 

Most  of  the  ore  seen  by  the  writer  is  believed  to  contain  not  more 
than  2  per  cent  of  copper.  A  specimen  which  was  sent  to  the  Geologi- 
cal Survey  and  which  is  said  to  have  come  from  the  Whalen  claim 
contains  copper  and  a  little  nickel."  Samples  collected  by  the 
writer  from  the  Recreation,  Garnet,  Whalen,  and  Crystal  ^afts, 
the  Garnet  trench,  and  the  Mathews  &  Blackburn  prospect  were 
analyzed  in  the  laboratory  of  the  Geological  Survey,  and  no  trace 
of  nickel  was  found. 

Additional  ore  bodies  may  be  sought  not  only  along  the  contact 
of  the  limestone  with  the  mass  of  monzonite  but  on  the  margins  of 
any  other  monzonite  areas  that  may  be  discovered  in  this  district. 
The  geographic  and  geologic  province  of  which  the  known  min^alized 
area  is  a  part  and^  in  which  similar  geologic  conditions  may  be  ex* 
pected  and  additional  mineralized  areas  of  this  type  may  perhaps 
be  found  includes  the  belt  of  hills  between  Kuskowim  River  and 
Nixon  Fork  extending  northeastward  from  the  mouth  of  Takotna 
River  for  a  considerable  distance  beyond  the  forks  of  the  Kuskowim 
and  possibly  as  far  as  the  headwaters  of  the  North  Fork.  Most  of 
this  area  has  not  been  examined  geologically,  but  limestone  is  visible 
for  a  considerable  distance  from  the  hills  near  the  prospects.  Special 
search  should  be  made  in  this  belt  for  other  areas  of  monzonite,  and 
they  should  be  carefully  prospected,  although  it  is  not  certain  that 
they  will  contain  valuable  ores. 

MINE  AND   PROSPECT  OPENINGS. 

Orystal  shaft, — ^The  Crystal  shaft  is  near  the  head  of  Crystal  Gulch, 
a  tributary  of  Ruby  Creek  (fig.  6).  It  is  in  the  monzonite  not  far 
from  the  limestone.  The  shaft  was  begun  in  January,  1919,  and  was 
sunk  in  the  winter  of  1919-20  to  a  depth  of  65  feet.  The  workings, 
which  were  inaccessible  at  the  time  of  the  writer's  visit,  were  made 
for  the  pxuT)ose  of  mining  whatever  ore  could  then  be  shipped  at  a 
profit.  It  is  said  that  the  ore  body  thus  mined  was  a  lens  10  by  20 
by  65  feet  in  dimensions  and  that  there  was  ''  6  feet  of  sulphides  in 

M  Min.  and  8ci.  PmSi  vol.  121,  pp.  475-476, 1990. 
"  U.  S.  Geol.  Survey  Bull.  714,  p.  93, 1921. 
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the  bottom  of  the  shaft."  The  ore  is  unoxidized  and,  as  shown  by 
specunens  on  the  dump,  consists  of  chalcopyrite,  pyrite,  and  bomite 
in  a  gangue  of  calcite,  siderite,  and  a  zeolite,  probably  scolecite. 

Keen  shaft — ^The  Keen  shaft  is  on  the  wagon  road  near  the  head 
of  Crystal  Gulch,  about  1,000  feet  east  of  the  western  border  of  the 
monzonite.  It  is  said  to  have  revealed  a  vein  4  feet  wide,  and 
material  from  this  vein  on  the  dump  shows  quartz  with  much  yellow 
stain  containing  numerous  small  flakes  of  a  grayish  mineral  with 
metallic  luster  (probably  arsenopyrite)  and  a  few  small  cubes  of 
pyrite. 

Recreation  shaft. — ^The  Recreation  shaft  is  near  the  wagon  road  on 
the  hillside  northeast  of  Ruby  Creek.  It  is  in  the  limestone  about 
600  feet  west  of  the  margin  of  the  monzonite.  A  shaft  50  feet  deep 
with  a  drift  35  feet  long  exposes  a  vein  having  a  maximum  thickness 
of  6  feet.  The  vein  has  been  traced  by  surface  cuts  for  about  200  feet 
The  ore  is  thoroughly  oxidized  and  shows  in  thin  section  iron  oxides 
and  hydroxides,  quartz,  chlorite,  which  is  in  part  spherulitic,  mala> 
chite,  probably  some  azurite,  and  a  little  apatite.  The  specimens 
show  much  dark*green  and  some  blue  stain,  probably  derived  from 
copper  minerals.     No  sulphides  or  metallic  minerals  were  seen. 

Oamet  shaft, — ^The  Garnet  shaft  is  south  of  the  wagon  road  near 
the  head  of  Crystal  Gulch.  It  is  in  limestone,  about  100  feet  from 
the  outcrop  of  the  monzonite,  but  masses  of  monzonite  show  in  the 
lower  workings.  The  shaft  was  76  feet  deep  when  visited,  and  there 
was  about  70  feet  of  drift.  At  the  surface  the  ore  is  the  full  width  of 
the  shaft,  which  does  not  show  the  walls.  At  the  bottom  of  the 
shaft  the  vein  is  not  more  than  4  feet  wide.  The  ore,  which  is 
thoroughly  oxidized,  consists  of  chloritic  material,  iron  ores,  and 
quartz  with  many  thin  films  and  small  masses  of  malachite  and 
azurite. 

Whaien  shaft, — ^The  Whalen  shaft  is  on  the  divide  between  Ruby 
and  Hidden  creeks.  At  the  end  of  August,  1920,  it  was  100  feet  deep, 
and  there  was  160  feet  of  drift  on  the  40-foot  level.  Crosscuts  on 
the  40-foot  level  show  32  feet  of  ore  reported  to  average  $68  per  ton 
in  gold.  The  vein  is  in  limestone  not  far  from  the  monzonite,  and 
at  the  south  end  of  the  workings  it  lies  very  close  to  the  monzonite. 
The  ore,  which  is  thoroughly  oxidized  even  in  the  deepest  workings, 
consists  of  chloritic  material,  iron  ores,  and  quartz,  containing  many 
small  masses  of  copner  carbonates  and  a  few  small  masses  of  chal- 
copyrite  or  pyrite. 

Garnet  trench, — ^The  Garnet  trench  is  on  the  contact  between  the 
monzonite  and  limestone,  south  of  Mystery  Creek  and  near  the 
northeast  comer  of  the  Southern  Cross  claim.  The  ore  consists 
chiefly  of  garnet  containing  many  thin  fflma  and  small  masses  of 
malachite  and  azurite.    The  thin  section  shows,  in  addition  to  garnet, 
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augite,  a  little  sericitized  plagioclase,  apatite,  epidote;  and  chloritic 
material. 

Twin  shafts, — ^The  Twin  shafts  are  near  the  center  of  the  Southern 
Cross  claim.  They  are  in  an  oxidized  zone  on  the  contact  of  a  fine- 
grained porphyry  dike  intrusive  into  limestone.  The  ore  was  so 
much  decomposed  that  no  microscopic  study  or  determination  of 
the  constituent  minerals  was  possible.  It  is  said  to  carry  about  $10 
worth  of  gold  per  ton. 

Maihews  cfe  BlacJchvm  prospect. — ^The  Mathews  &  Blackburn 
prospect  is  in  the  valley  of  Hidden  Creek,  near  the  south  end  of  the 
area  of  monzonite.  Only  a  small,  shallow  excavation  had  been  made 
at  the  time  of  the  writer's  visit,  and  ho  well-defined  ore  body  had 
been  exposed.  The  prospect  is  situated  on  the  outcrop  of  a  basic 
dike  intrusive  into  limestone,  near  the  margin  of  the  main  mass  of 
monzonite.  The  dike  is  of  pyroxenite  and  is  composed  of  augite, 
which  is  the  chief  constituent,  magnetite,  which  also  b  present  in 
considerable  amount,  melilite,  a  green  garnet  that  is  probably  mel- 
anite,  iron  oxides,  calcite,  chloritic  material,  and  copper  carbonates. 

GOLD  PLACEBS. 

The  Mathews  &  Blackburn  placer  mine  is  on  Hidden  Creek,  just 
inside  the  area  of  the  monzonite.  It  was  worked  on  a  small  scale 
by  shoveling  in  from  an  open  cut.  The  pay  gravel  is  said  to  be  75 
to  125  feet  wide,  and  it  has  been  shoveled  in  to  a  depth  of  about 
4  feet. 

The  CMalley  &  Walden  placer  mine  is  on  Ruby  Creek  near  the 
contact  of  the  monzonite  and  limestone.     It  is  worked  by  drifting. 

The  Grifl^  &  Whalen  placer  mine,  on  claim  "No.  1  above,"  on 
Holmes  Oidch,  is  in  the  limestone  about  a  mile  west  of  the  margin 
of  the  monzonite.  It  was  worked  by  sluicing  in  the  early  part  of 
the  summer  of  1920,  as  in  previous  years.     ' 
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METALLIFEROUS  LODES  IN  SOUTHERN  SEWARD  PENINSULA. 


By  S.  H.  Cathoart. 


INTRODUCTION. 

The  value  of  the  total  mineral  output  of  Seward  Peninsula  is  about 
$81,000,000,  of  which  over  $80,000,000  is  the  value  of  the  gold  won 
from  placer  mines.  Lode  prospecting  began  soon  after  placer  mines 
were  developed*  and  has  been  continued  in  a  more  or  less  desultory 
maxmer  through  a  period  of  20  years,  but  thus  far  the  attempts  to 
open  up  lode  mines  have  met  with  but  little  success.  Little  bedrock 
work  has  been  done  since  1917,  when  the  effects  of  the  WcJrld  War 
began  to  be  felt,  and  since  then  the  suspension  of  the  requirement  for 
annual  assessment  work  has  still  further  decreased  the  prospecting 
of  lode  claims.  In  1915  and  1916,  owing  to  the  war  demands,  a 
temporary  stimulus  was  given  to  the  mining  of  stibnite-bearing  lodes, 
but  it  soon  subsided.  The  Big  Hurrah  quartz  mine  is  the  only 
lode-gold  producer  that  was  opened  up  on  any  considerable  scale, 
and  this  mine  was  operated  only  from  1903  to  1908  and  then  not 
continuously.  Within  the  last  few  years  underground  work  has  been 
done  at  the  Lost  River  tin  mine,  the  Kougarok  silver-lead  property, 
and  the  gold  lodes  near  Bluff,  but  elsewhere  lode  development  has 
been  almost  negligible.  There  are  now  no  productive  lode  mines 
in  the  region  under  discussion;  only  a  few  have  produced  in  the  past, 
and  the  output  from  those  few  has  been  small. 

In  the  area  of  the  York  Mountains  the  relation  of  the  mineraliza- 
tion to  the  geology  has  been  pretty  well  established.'  Tin,  timgsten, 
antimony,  copper,  and  lead  have  been  discovered  and  are  known  to 
be  closely  related  to  granite  bosses  and  porphyry  dikes  that  intrude 
the  limestone  and  slates.  For  the  rest  of  the  peninsula  no  such 
relation  has  been  determined.  A  possible  exception  is  the  platinum 
recovered  from  the  placers  of  Dime  Creek.  Basic  igneous  rocks 
occur  in  the  vicinity  of  these  placers,  and  although  platinimi  has  not 
been  determined  as  a  constituent  of  those  rocks  it  is  believed  to 
have  been  derived  from  them. 

In  the  absence  of  such  well-defined  genetic  relations  for  the  miner- 
alization of  most  of  the  peninsula,  it  was  deemed  desirable  to  ascer- 

*  An  exoeptkm  to  this  statement  Is  the  sUvei^lead  deposit  at  OmaHk  In  the  Fish  River  basin,  which  was 
opened  up  and  from  which  some  ore  was  shipped  as  early  as  1881 . 

>  Stddtmannt  Edward,  and  Gathcart,  8.  H.,  The  geology  of  the  York  tin  depcsiti,  Alaska:  U.  S.  OeoL 
Sorver  Bull.  —  (in  preparation). 
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tain  the  conditions  which  have  led  to  a  very  wide  distribution  of 
metallic  minerals  throughout  the  country  rock,  especially  the  condi- 
tions which  have  resulted  in  concentrations  of  gold  rich  enough  to  be 
reflected  in  scattered  placer  deposits  but  which  have  not  produced 
gold  lodes  of  notable  promisie. 

The  writer  undertook  to  determine,  so  far  as  the  physical  conditions 
permitted,  the  geologic  relations  of  the  bedrock  occurrence  of  metallic 
minerals  in  this  region.  It  was  believed  that  such  studies  might  help 
the  prospector  by  determining  the  geologic  conditions  under  which 
the  metalliferous  lodes  were  formed.  Field  work  was  begun  on  July 
3  and  continued  until  September  19,  1920.  During  this  time  most 
of  the  lodes  of  the  peninsula  in  the  area  south  of  the  mountains,  be- 
tween Council  on  the  east  and  Cripple  River  on  the  west,  were  visited 
and  the  country  rock  in  the  vicinity  of  the  richest  placers  was  studied 
in  an  attempt  to  determine  something  more  concerning  the  relations 
that  exist  between  the  mineralization  of  the  region  and  the  geology. 
In  all  110  prospects  were  examined,  and  the  ores,  where  available, 
were  studied.  The  prospects  show  considerable  variety  in  mineral- 
ization. Iron,  bismuth,  tungsten,  gold,  copper,  lead,  zinc,  graphite, 
and  antimony  have  been  f  oimd  in  bedrock,  and  mercury  is  known  in 
the  placers. 

The  investigation  was  originally  planned  to  be  continued  through 
several  years,  with  the  hope  of  not  only  determining  the  genesis  of 
the  ores  but  also  correlating  the  many  geologic  formations  found  in 
Seward  Peninsula.  As  for  the  present  the  investigation  has  been 
suspended,  it  seems  desirable  to  record  the  provisional  conclusions 
reached  during  the  first  season  of  field  work. 

This  paper  outlines  certain  features  of  the  mineralization  that  were 
observed.  It  does  not  describe  in  detail  all  the  prospects  examined, 
nor  discuss  in  more  than  a  general  way  the  mineralization  of  other 
important  districts  which  were  not  visited.  Descriptions  of  the 
geology  and  mineral  deposits  of  the  peninsula  are  contained  in  pre- 
vious reports  published  by  the  United  States  Geological  Survey,  a 
list  of  which  follows. 

Preliminary  report  on  the  Cape  Nome  gold  region,  Alaska,  with  maps  and  illustn- 
tionB,  by  F.  C.  Schrader  and  A.  H.  Brooks:  Special  Pub.,  56  pp.,  19  pis.,  1900. 

Reconnaissance  in  the  Gape  Nome  and  Norton  Bay  regions,  Alaska,  in  1900  (A 
reconnaisance  of  the  Cape  Nome  and  adjacent  gold  fields  of  Seward  Peninsola,  Alado, 
in  1900,  by  A.  H.  Brooks,  assiBted  by  Q.  B.  Richardson  and  A.  J.  ColUer;  A  recon- 
naissance in  the  Norton  Bay  region,  Alaska,  in  1900,  by  W.  C.  Mendeohall):  Sped&l 
Pub.,  222  pp.,  23  pis.,  1901. 

An  occurrence  of  stream  tin  in  the  York  region,  Alaska,  by  A.  H.  Brooks:  Mineral 
Resources,  1901,  pp.  267-271,  1902. 

A  reoonnaiaaance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J- 
Collier:  Prof.  Paper  2,  70  pp.,  12  pis.,  1902. 

Stream  tin  in  Alaska,  by  A.  H.  Brooks:  Bull.  213,  pp.  92-93, 1903. 
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The  Kotzebue  gold  field  of  Seward  Peninsulft,  Aladut,  by  F.  H.  Moffit:  Bull.  225, 
pp.  74-80,  1904. 

Tin  depoeita  of  the  York  region,  Alaska,  by  A.  J.  Collier:  Idem,  pp.  154-167. 

The  tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier:  Bull.  229,  61  pp.,  7 
pis.,  1904. 

The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska,  by  F.  H.  Moffit:  Bull.  247, 
85  pp.,  1905. 

Recent  development  of  Alaskan  tin  deposits,  by  A.  J.  Collier:  Bull.  259,  pp.  120*127, 
1905. 

Gold  mining  on  Seward  Peninsula,  by  F.  H.  Moffit:  Bull.  284,  pp.  132-144, 1906. 

The  York  tin  region,  ty  F.  L.  Hess:  Idem,  pp.  145-157. 

The  Nome  region,  by  F.  H.  Moffit:  Bull.  315,  pp.  126-145, 1907. 

Gold  fields  of  Solomon  and  Niukluk  river  basins,  by  P.  S.  Smith:  Bull.  314,  pp. 
146-156,  1907. 

Geology  and  mineral  resoorces  of  Iron  Creek,  by  P.  S.  Smith:  Idem,  pp.  157-163. 

The  Kougarok  region,  by  A.  H.  Brooks:  Idem,  pp.  164-181. 

Water  supply  of  Nome  region,  Seward  Peninsula,  1906,  by  J.  C.  Hoyt  and  F.  F. 
Henahaw:  Idem,  pp.  182-186. 

The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska,  including  the  Nome,  Council, 
Kougarok,  Port  Clarence,  and  Good  Hope  precincts,  by  A.  J.  Collier,  F.  L.  HesB,  P.  S. 
Smith,  and  A.  H.  Brooks:  Bull.  828,  343  pp.,  1908. 

Water-supply  investigations  in  Alaska,  1906-1907  (Nome  and  Kougarok  regioos, 
Seward  Peninsula,  etc.)  by  F.  F.  Henshaw  and  C.  C.  Covert:  Water-Supply  Paper 
218,  156  pp.,  2  pis.,  1908. 

Investigation  of  mineral  deposits  of  Seward  Peninsula,  by  P.  S.  Smith:  Bull.  345, 
pp.  206-250,  1908. 

The  Seward  Peninsula  tin  deposits,  by  Adolph  Knopf:  Idem,  pp.  251-267. 

The  mineral  resources  of  the  Lost  River  and  Brooks  Mountain  r^on,  Seward  Penin- 
sula, by  Adolph  Knopf:  Idem,  pp.  268-271. 

Water  supply  of  the  Nome  and  Kougarok  regions,  Seward  Peninsula,  1906-1907, 
by  F.  F.  Henshaw:  Idem,  pp.  272-285. 

Geology  of  the  Seward  Peninsula  tin  deposits,  Alaska,  by  Adolph  Knopf:  Bull. 
358,  71  pp.,  9  pis.,  1908. 

Recent  developments  on  Seward  Peninsula,  by  P.  S.  Smith:  Bull.  379,  pp.  267-301, 
1909. 

The  Iron  Creek  region,  by  P.  S.  Smith:  Idem,  pp.  806-354. 

Mining  in  the  Fairhaven  Precinct,  by  F.  F.  Henshaw:  Idem,  pp.  355-369. 

Water-supply  investigations  in  Seward  Peninsula,  1908,  by  F.  F.  Henshaw:  Idem, 
pp.  370-401. 

Geology  and  mineral  resources  of  the  Solomon  and  Casadepaga  quadrangles,  Seward 
Peninsula,  Alaska,  by  P.  S.  Smith:  Bull.  433,  234  pp.,  16  pis.,  1910. 

Mining  in  Seward  Peninsula,  by  F.  F.  Henahaw:  Bull.  442,  pp.  353-371,  1910. 

Water-supply  investigations  in  Seward  Peninsula  in  1909,  by  F.  F.  Henshaw:  Idem, 
pp.  372-418. 

A  geologic  reoonnaisBance  in  southeastern  Seward  Peninsula  and  the  Norton  Bay- 
Nulato  region,  Alaska,  by  P.  S.  Smith  and  H.  M.  Eakin:  Bull.  449,  146  pp.,  13  pis., 
1911. 

Geologic  features  of  Alaskan  metalliferous  lodes,  by  A.  H.  Brooks:  Bull.  480,  pp. 
43-94, 1911. 

Notes  on  mining  in  Seward  Peninsula,  by  P.  S.  Smith:  Bull.  520,  pp.  339-344, 1912. 

Geology  of  the  Nome  and  Grand  Central  quadrangles,  Alaska,  by  F.  H.  Moffit: 
Bull.  533, 140  pp.,  12  pis.,  1913. 

Sttxiace-water  supply  of  Seward  Peninsula,  Alaska,  by  F.  F.  Henshaw  and  G.  L. 
Parker,  with  a  sketch  of  the  geography  and  gecdogy  by  P.  S.  Smith  and  a  descriptien 
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of  the  methods  of  placer  miniiig  by  A.  H.  Bzooks:  Water-Supply  Paper  314,  317  pp., 
1913. 

Placer  mining  on  Seward  Peninsula,  by  Theodore  Ghapin:  Bull.  592,  pp.  38^-395, 
1914. 

Lode  developments  on  Seward  Peninsula,  by  Theodore  Chapin:  Idem,  pp.  397-107. 

Iron  ore  deposits  near  Nome,  by  H.  M.  Eakin:  Bull.  622,  pp.  361-365, 1915. 

Placer  mining  in  Seward  Peninsula,  by  H.  M.  Eakin:  Idem,  pp.  366-^73. 

Antimony  deposits  of  Alaska,  by  A.  H.  Brooks:  Bull.  649,  67  pp.,  3  pis.,  1916. 

Lode  mining  and  prospecting  on  Seward  Peninsula,  by  J.  B.  Mertie,  jr.:  Bull.  662, 
pp.  425-449,  1917. 

Placer  mining  on  Seward  Peninsula,  by  J.  B.  Mertie,  jr.:  Idem,  pp.  451-458. 

Mineral  springs  of  Alaska,  by  G.  A.  Waring,  with  a  chapter  on  the  chemical  character 
of  some  surface  waters  of  Alaska,  by  B.  B.  Dole  and  A.  A.  Chambers:  Water-Supi^y 
Paper  418,  118  pp.,  9  pis.,  1917. 

Mineral  resources  of  Seward  Peninsula,  by  6.  L.  Hamngton:  Bull.  692,  pp.  353^-400, 
1919. 

Mining  in  northwestern  Alaska,  by  S.  H.  Cathcart:  Bull.  712,  pp.  185-198, 1920. 

Pliocene  and  Pleistocene  fossils  from  the  Arctic  coast  of  Alaska  and  the  auriferous 
beaches  of  Nome,  Norton  Sound,  Alaska,  by  W.  H.  Dall:  Prof.  Paper  125,  pp.  23-37. 
pis.  5-6,  1919. 

Geology  of  the  York  tin  deposits,  Alaska,  by  Edward  Steidtmann  and  S.  H.  Cath- 
cart (in  preparation). 

QEOLiOGY. 

OtTTLniB. 

The  foregoing  list  of  publications  indicates  the  large  number  of 
geolc^c  investigations  that  have  been  made  on  Seward  Peninsula. 
The  Greological  Survey  has  published  reconnaissance  geologic  maps 
(scale  1 :  250,000)  of  nearly  the  entire  region  (20,000  square  miles)  and 
detailed  maps  (scale  1 :  62,500)  of  certain  important  districts.'  Thest 
surveys  and  investigations  have  been  made  by  a  score  of  geolo- 
gists during  a  period  of  more  than  20  years.  Each  new  investigation 
has  added  many  additional  facts  bearing  on  the  geology  and  the 
occurrence  of  mineral  deposits.  As  yet  there  has  been  no  adequate 
summary  of  this  large  mass  of  material  and  no  correlation  of  the 
many  formations  to  which  the  rocks  have  been  assigned.  To  the 
end  that  a  better  understanding  may  be  had  of  the  relation  between 
the  ore  deposits,  to  be  here  described,  and  the  general  geology  of  the 
region,  the  following  provisional  statement  on  the  stratigraphy  of 
Seward  Peninsula  as  a  whole  is  here  quoted  from  an  unpublished 
manuscript  by  A.  H.  Brooks: 

The  bedrock  of  Seward  Peninsula  includes  many  sedimentary  formations,  rangiiig 
in  age  from  pre-Ordovician  to  middle  Carboniferous  (Pennsylvanian).  Th^re  are  also 
some  Upper  Cretaceous  sediments,  as  well  as  extensive  lava  sheets,  chiefly  of  QuaXer- 
nary  age  but  in  part  possibly  older,  in  the  eastern  part  of  the  peninsula.  In  much  the 
laiger  part  of  the  peninsula  intrusive  rocks  are  not  abundant,  but  in  the  Kigluaik, 
Bendeleben,  and  Darby  mountains  there  are  extensive  stocks  of  granite  rocks  with 

■  Smith,  P.  8.,  Geology  aod  mlnwal  rooorces  of  the  Sdomon  and  Cascdepega  ^uadran^eB,  Semnl 
Feninmla,  Alaska:  U.  8.  Qeol.  Surrey  BoU.  433,  pis.  fl-7,  lUO.  Moat,  F.  H.,  OeokiKy  of  the  Nobm  tod 
Grand  Central  qaadiangles,  Alaska:  U.  ^.  OeoL  Survey  Bntt.  SBA,  pis.  %^  1913. 
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Bome  dikes.  There  are  also  a  number  of  graoitic  stocks,  with  which  porphyry  dikes 
are  associated,  in  the  York  district.  A  few  isolated  stocks  of  granite  occur  in  other 
parts  of  the  peninsula.  There  are  also  local  occunences  of  p^gmatitic,  gabbroid,  and 
diabasic  intruflives. 

All  investigators  of  this  field  have  recpgniaed  two  distinct  systems  of  structure,  one 
trending  about  north  and  the  other  about  east,  but  there  is  diversity  of  opinion  as  to 
which  is  the  older.  The  Cretaceous  rocks  of  the  eastern  part  of  the  field  are  involved 
in  the  northerly  folds.  As  these  are  the  youngest  consolidated  rocks,  it  is  evident 
that  their  deformation  occurred  during  the  most  recent  period  of  crustal  disturbance. 
There  is,  however,  some  evidence  of  folding  in  late  Paleozoic  time,  which  produced 
structural  features  trending  north.  It  is  therefore  possible  that  the  post'Cretaceous 
(Eoceue?)  folds  followed  the  structure  of  older  Paleozoic  time.  The  east- west  folding 
is  probably  to  be  correlated  with  the  dominating  structural  features  of  the  Arctic 
Mountain  system  of  northern  Alaska  and  Siberia,  which  trend  approximately  east. 
This  folding  was  certainly  earlier  than  Upper  Cretaceous,  probably  pre-Cretaceous, 
and  certainly  not  earlier  than  Middle  Jurassic.  There  is  evidence  that  there  has  also 
been  some  later  movements  along  these  older  east- west  folds.  As  the  intrusions  were 
no  doubt  in  a  general  way  contemporaneous  with  the  folding,  and  as  in  turn  some  if 
not  all  of  the  mineralization  was  genetically  related  to  the  intrusions,  the  tectonic 
history  of  the  region  is  not  without  economic  interest. 

The  bedrock  of  most  of  the  gold-beaiing  areas  of  Seward  Peninsula,  especially  in 
its  southern  part,  consists  of  feldspathic  and  mica  schists  locally  interbedded  with 
metamorphic  limestones  that  in  places  broaden  out  into  considerable  belts.  The 
schist  areas  are  also  in  places  broken  by  wide  belts  of  both  massive  and  schistose 
greenstones  and  also  by  narrower  belts  of  slates  and  quartzites.  These  formations  are 
without  doubt  Paleozoic,  and  there  is  much  evidence  that  they  are  yoimger  than 
Silurian.  They  may  be  tentatively  assigned  to  the  Devonian  or  Carboniferous.  The 
midtiplicity  of  formation  names  in  the  many  reports  dealing  with  the  geology  of 
Seward  Peninsula  has  caused  much  confusion  in  the  minds  of  those  not  personally 
familiar  with  the  region,  hence  it  seems  desirable  to  present  at  least  a  provisional 
correlation  of  the  many  formations  that  have  been  described,  beginning  with  what 
are  believed  to  be  the  oldest  rocks  of  the  peninsula. 

Pre-OrdovieUm. — ^Dark  slates  and  phyllites,  locally  graphitic,  with  some  thin  beds 
of  limestone.  These  rocks  have  been  definitely  recognized  only  in  the  western  part 
of  the  peninsula. 

Ordovieian  with  $ome  Silurian, — ^Massive  arenaceous  limestone,  locally  crystalline. 
Typically  developed  in  the  western  part  of  the  peninsula,  where  these  rocks  are 
termed  Port  Clarence  limestone.  They  carry  Ordovieian  and  Silurian  foesils  and,  as 
mapped,  some  of  Peonsylvanian  age.  Paleozoic  limestone,  with  which  are  associated 
some  dolomite  and  slate,  is  widely  distributed  in  Seward  Peninsula.  For  many  ol 
these  rocks  no  definite  age  assignment  is  possible  on  the  baab  of  the  facts  now  in  hand. 
The  limestone  beds  at  some  loodities  carry  Silurian  fossils  (in  dolomite),  some  include 
Middle  Devonian  fossilB,  some  are  undoubtedly  of  Pennsylvanian  age,  and  some 
possibly  Ordovieian. 

Devonian  (7). — ^FeldspalfaiC)  micaceous,  siliceous,  chloritic,  and  graphitic  schistBy 
with  some  beda  of  limestone,  are  very  widely  distributed  over  the  region.  The  age  of 
most  of  them  seems  to  be  pretty  definitely  later  than  Silurian,  and  there  is  some  evi« 
dence  that  they  are  immediately  succeeded  by  Pennsylvanian  limestone.  These 
rocks  are  provisionally  assigned  to  the  Devonian.  In  this  group  are  included  the 
Nome,  Solomon,  Knsdtrin,  and  Tigaraha  schists  and  the  schist  of  the  Kigluaik  group. 
It  appears  that  the  lower  part  of  this  series  (Kusitrin,  Kigluaik,  Tigaraha)  is  siUceous 
and  ^e  upper  part  calcareous.  Most  of  the  gold  deposits  of  the  peninsula  have  been 
found  in  association  with  the  more  calcareous  members  of  this  group  of  formations. 

Carboniferous  limestone. — ^Massive  light-blue  and  white  crystalline  limestone.  At 
Cape  Mountain  (Bering  Strait)  Pennsylvanian  fossils  have  been  found  in  this  fomuu 
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tion.    The  Sowik  limestone  ci  the  Solonum  resum  and  the  limcetonet  overiyiog^  the 
Name  group  are  believed  to  belong  to  tiiie  formation. 

Carhoni/enmi. — Sucoeediiig  the  supposed  Pennsylvanian  limestone  in  the  Solomon 
and  Casadepaga  region  are  formations  made  up  of  black  quartxose  slates  and  schists 
not  definitely  recognised  elsewhere  in  the  peninsula.  These  ha;ve  been  termed  the 
Huirah  slate  and  Puckmnmmie  schist. 

Carboni/eroui  (?). — Greenstones  are  widely  distributed  in  the  peninsula,  especially 
in  the  southern  part  They  occur  chiefly  as  stocks,  dikes,  and  sills,  most  of  which 
have  been  rendered  schistose.  Their  age  is  not  definitely  known,  but  they  appear  to 
be  the  youngest  Paleosoic  rocks  of  the  r^on.  The  Casadepaga  schist  (cUoritic)  has 
been  coirelated  with  these  rocks. 

Intrutivei. — Granitic  and  allied  intrusive  rocks  occur  as  stocks  and  dikes  in  certain 
parts  of  the  peninsula.  They  intrude  the  youngest  of  the  known  Paleoeoic  rocks  and 
are  for  the  most  part  Mesoaoic  or  younger.  Some  of  these  rocks  are  sheared  and 
gncisBoid,  as  in  the  Kigluaik  Mountains;  others  are  massive,  as  those  of  the  Yoik 
district,  where  the  granitic  intrusives  are  accompanied  by  porphsnry  dikes.  In  the 
York  district  the  mineralization  is  genetically  related  to  the  intrusives,  and  this  is 
probably  also  true  in  some  other  districts. 

There  is  good  reason  to  believe  that  there  was  more  than  one  period  of  intrusicHL 
In  the  region  east  of  Norton  Bay  mineralized  rock  accompanies  granitic  intnisiveB 
which  traverse  Upper  Cretaceous  beds  and  are  probably  of  Eocene  age.  The  opinion 
is  ventured  that  ^e  massive  intrusives  of  the  York  district  and  poesibly  of  some 
other  parts  of  the  peninsula  are  of  Eocene  age  and  were  injected  at  the  time  of  the 
latest  period  of  deformation,  which  produced  north-south  folds.  If  this  is  true  the 
other  intrusives  can  logically  be  correlated  with  the  older  Jurassic  (7)  folding.  So  far 
as  is  now  determined,  this  earlier  period  of  intrusion  was  not  accompanied  by  any  very 
definite  epoch  of  mineralization — at  least,  no  evidence  of  mineralization  has  been 
found  in  association  with  the  granites  of  the  Kigluaik  Mountains,  which  are  believed 
to  belong  to  the  earlier  epoch  of  intrusion. 

Quatenuary. — ^The  Quaternary  deposits  consist  principally  of  sand  and  gravel,  with 

locally  some  small  glacial  moraines.    During  the  Quaternary  period  there  were 

poured  out  some  extensive  lava  flows,  which  in  certain  places  (Fairhaven  and  Kouga- 

rok  dis  tricts)  cover  gravel  deposits.    In  the  Quaternary  system  also  fall  the  terrace 

and  ancient  sea  beach  deposits  that  are  especially  well  developed  in  the  Nome  and 

Solomon  r^ons.    Some  <rf  the  lavas  of  the  eastern  part  of  the  peninsula  are  probably 

pre-Quatemary.  

COT7NTKY  &OCSL 

The  rocks  of  the  area  Yiaited  are  nearly  all  metamorphosed  sedi- 
ments. Granitic  intrusiyes  are  plentiful  in  the  Kigluaik  and  Bendele- 
ben  mountains,  north  and  northeast  of  Nome,  but  except  for  the 
granite  of  Cape  Nome  and  of  several  smaller  areas  in  the  vicinity  of 
Stewart  River  and  Dickens  Creek  they  are  not  known  to  be  exposed 
in  the  area  under  consideration.  Greenstone  sills,  stocks,  and  dikes 
are  numerous  but  do  not  appear  to  have  produced  any  nfiineralization. 
In  fact,  areas  in  which  greenstones  are  abimdant  appear  to  be  unfavor- 
able to  the  occiurence  of  gold. 

The  metamorphic  series  consists  mainly  of  schist  but  includes 
considerable  limestone  and  some  black  slate.  Chlorite  schist  is  by 
far  the  most  common  type.  It  is  usually  siliceous,  but  calcitic 
varieties  are  conmion.  Oilorite  may  be  present  almost  to  the  exclu- 
sion of  mica  or  may  be  only  accessory  to  mica.     The  chlorite  varieties 
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are  green;  the  micaceous  varieties  gray.  The  mica  schists  consist 
chiefly  of  muscovite  and  are  highly  siliceous.  Feldspar  schists  are 
common  in  some  parts  of  the  area.  The  feldspar  (albite)  occurs  in 
small  crystals,  together  with  chlorite  and  quartz,  and  the  rock  is  not 
always  easily  distinguished  from  the  chloritic  types.  Graphitic 
schists  are  present  but  are  abundant  only  in  small  areas.  The  rocks 
are  made  up  chiefly  of  quartz,  massive  and  brittle,  through  which 
graphite  is  finely  disseminated  and  with  it  a  Uttle  muscovite.  The 
schists  taken  as  a  whole  are  chloritic  and  siliceous.  Graphitic, 
feldspathic,  calcareous,  and  micaceous  varieties  are  common  but  are 
subordinate  to  the  general  type.  Accessory  minerals,  including 
biotite,  are  present  in  much  of  the  rock,  but  these  are  nowhere 
conspicuous.  The  above-described  schists  belong  principally  to  what 
has  been  called  the  Nome  group; 

Black  slate  is  best  developed  in  the  Solomon  region  (Hurrah  slate) . 
It  is  a  very  siliceous  rock,  black,  brittle,  with  good  cleavage,  and 
composed  chiefly  of  quartz,  with  graphite,  and  here  and  there  a  UtUe 
sericite.  lithologically  similar  types  occur  in  the  Council,  Iron 
Creek,  and  Nome  regions,  but  the  fine  slaty  qualities  are  best  devel- 
oped in  the  Solomon  region. 

Limestone  is  an  important  constituent  of  the  series.  It  occurs  in 
thin  beds  generally  not  more  than  50  feet  thick  and  commonly  only 
5  feet  thick  throughout  the  schist  series.  It  may  occur  as  an 
occasional  layer  of  limestone  interbedded  with  schist,  or  it  may  form 
half  of  the  section.  As  heavy-bedded  limestone  including  thin  beds 
of  schist,  it  is  most  conspicuous  and  covers  a  considerable  area.  The 
beds  are  light  gray  or  blue-gray  to  dark  blue,  are  everywhere  marma- 
rized,  and  are  in  many  places  schistose. 

8TBT7GTUBB. 

The  structure  of  the  rocks  of  the  area  is  complex.  Faulting  has 
occurred  in  all  the  formations.  Close  folding  is  not  imusual  in  the 
limestones  and  is  common  in  the  schists.  The  details  of  the  structure 
are  not  well  known.  Two  periods  of  deformation  are  recognizable. 
The  axis  of  one  set  of  folds  strikes  in  general  north;  that  of  the  other 
set  east.  The  easterly  folds  are  best  developed  in  the  vicinity  of 
Kigluaik  and  Bendeleben  moimtains,  where  they  are  the  prevailing 
structural  features.  Although  they  can  be  recognized  throughout  the 
area,  they  are  elsewhere  subordinate  to  the  northerly  folds.  The 
areas  of  most  intense  deformation  are  the  Nome  and  Solomon  regions. 
Smith  ^  has  described  in  detail  the  structure  of  the  Solomon  and 
Casadepaga  quadrangles,  which  may  be  considered  as  best  illustrat- 
ing the  complicated  geology  that  is  rather  characteristic  of  the 
peninsula  as  a  whole. 

« SmiUi,  P.  S.f  QeolQKy  will  mineral  rMouioes  of  the  Solomon  mod  Caaadepaga  quadrangles,  Seward 
Peninsula,  Alaska:  U.  S.  Geol.  Survey  Bull.  433,  pp.  111-120. 1010. 
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XINXBAIiZZATIOV. 
ROCK  OPENINGS. 

The  distribution  and  occurrence  of  the  mineral  deposits  of  a  region 
are  largely  dependent  upon  the  openings  that  were  available  at  the 
time  the  mineral-bearing  solutions  were  introduced.  The  extreme 
irregularity  of  many  of  the  lodes  of  Seward  Peninsula  and  the  dis- 
seminated character  of  the  mineralization  are  perhaps  best  explained 
by  considering  the  stratigraphy  of  the  metamorphic  series,  the  con- 
trast between  the  physical  properties  of  the  rocks  of  that  series,  the 
order  of  their  succession,  and  the  way  in  which  they  behaved  when 
subjected  to  deforming  forces. 

Viewed  in  a  general  way  the  metamorphic  series,  principally  m^>ped 
as  the  Nome  group,  is  composed  essentially  of  schist  and  limestone, 
at  is  not  possible  to  give  a  measured  section  showing  the  relative 
proportions  of  the  two  rock  types  and  their  relation  to  each  other, 
as  the  structiu'e  is  complicated  by  intense  folding  and  a  great  deal  of 
faulting.  Horizons  are  not  distinguishable  by  lithologic  data,  and 
the  limestones  are  f ossilif erous  in  but  few  localities.  Metamorphosed 
and  unmetamorphosed  greenstones  add  further  complications,  so 
that  it  is  impracticable  to  subdivide  the  series  other  than  into  two 
parts,  one  predominantly  schist,  the  other  predominantly  limestone. 

The  lower  part  consists  chiefly  of  schist  with  interbedded  limestone. 
The  limestone  beds  range  in  thickness  from  less  than  1  foot  to  pe^ 
haps  100  feet.  Beds  5  to  20  feet  thick  are  the  most  common.  Few 
limestone  beds  of  20  feet  or  more  do  not  contain  one  or  several  thin 
zones  of  schist.  Not  uncommonly  the  limestone  and  schist  are  about 
equally  abundant  and  of  about  the  same  thickness.  The  most  pro- 
nounced limestone  zones  indude  20  to  30  per  cent  of  schist  inter- 
bedded with  the  limestone,  and  the  most  pronounced  schist  zones 
contain  thin  beds  of  limestone.  Almost  any  ratio  of  limestone  to 
schist  or  of  schist  to  limestone  can  be  seen  in  different  parts  of  the 
area.  The  limestone  is  usually  coarsely  crystalline  and  fairly  massive. 
Thin-bedded  platy  types  and  schistose  phases  also  occur.  The 
various  types  of  schist  that  occur  in  the  group  have  been  de- 
scribed. They  range  from  soft  calcareous  and  highly  chloritic 
varieties  to  dense  brittle  siliceous  varieties.  Slates  are  conspicuous 
in  some  parts  of  the  area,  especially  in  the  Solomon  and  Iron  Creek 
districts. 

The  limestone  division  of  the  Nome  group,  though  chiefly  limestone, 
includes  many  thin  beds  of  schist  ranging  from  1  foot  to  50  feet  or 
more  in  thicloiess.  The  limestone  is  recrystallized  and  on  the  whole 
fairly  massive,  but  zones  of  thin-bedded  platy  and  schistose  types 
are  common.  The  contact  between  the  two  divisions  is  not  sharp. 
In  the  limestone  division  schist  is  relatively  most  abundant  at  the 
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base,  and  in  the  schist  division  limestone  is  relatiyely  most  abundant 
at  the  top. 

The  succession  of  limestone  and  schist  is  an  extremely  hetero- 
geneous group.  All  degrees  of  so-called  competency  are  represented 
not  only  among  individual  members  of  the  group  but  among  beds 
at  Taiious  horizons  throughout  the  group  as  a  whole.  The  com- 
petent beds  are  the  limestones,  slates,  and  quartzose  schists,  and 
their  competency  within  any  zone  is  dependent  upon  their  prpportion 
and  disposition  relative  to  the  less  competent  micaoeous,  chloritic, 
and  calcareous  members  of  the  group. 

A  part  of  the  gold  mineralization  is  known  to  have  occurred  before 
the  deformation  of  the  series  that  produced  most  of  the  schist. 
Probably  the  larger  part  of  the  gold  and  apparently  all  the  other 
valuable  minerals  were  introduced  later  than  the  period  of  greatest 
metamorphism.  The  openings  into  which  these  later  minerals  were 
introduced  resulted  from  folding  or  faulting  of  the  heterogeneous 
series  just  described.  All  the  later  movements  were  not  of  the  same 
age  nor  of  the  same  intensity.  Neither  was  all  the  later  mineraliza- 
tion of  the  same  age,  but  all  the  later  openings  were  developed  under 
similar  conditions  in  a  series  of  rocks  whose  phjrsical  characteristics 
were  probably  not  much  different  at  the  different  stages  of  deforma- 
tion. The  same  principle,  therefore,  probably  governed  the  forma- 
tion of  the  rock  openings  in  all  the  later  periods  of  deformation. 

As  pointed  out  by  Brooks  ^  the  most  widespread  effect  of  folding 
was  to  cause  an  adjustment  within  the  series  which  to  a  large  extent 
took  the  form  of  shearing  at  the  contact  of  the  so-called  competent 
and  incompetent  beds.  The  physical  properties  of  the  rocks,  other 
than  their  competency  or  resistance  to  deformation,  were  also 
important,  especially  those  of  the  limestone.  The  uniform  bedding 
planes  of  the  limestone  acted  as  original  well-defined  surfaces  of 
weakness,  so  that  when  shearing  forces  were  applied  movement  took 
place  along  these  surfaces.  These  contact  and  bedding  shear  zones 
resulted  in  many  poorly  defined  fissures  which  were  distributed 
throughout  the  schist-limestone  and  limestone-schist  divisions. 
Though  the  fissures  were  commonly  not  of  great  width  and  few  of 
them  are  occupied  by  well-defined,  massive  veins,  they  permitted  the 
infiltration  of  gold-bearing  quartz  and  sulphide  solutions  and  contain 
the  quartz  stringers  so  generally  distributed  through  the  area. 

The  controlling  influence  during  deformation  has  been  in  large  part 
th^  limestone  and  other  competent  members  of  the  series,  but  excep- 
tions to  the  localization  of  the  fissures  along  the  limestone  contacts 
are  so  numerous  that  they  require  further  explanation.  Where  the 
limestone  beds  are  thick,  as  compared  with  the  schists,  ihe  openings 

•  Brooks,  A.  H.,  U.  8.  OeoL  Suirey  Bull.  328,  p.  122, 1906. 
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seem  to  be  closely  confined  to  the  immediate  contact.  Where  the 
width  of  the  schist  zones  is  greater,  adjustment  within  the  relatively 
plastic  schist  beds  has  been  effected  by  dose  folding,  which  has  given 
rise  to  shears  within  the  schist  body  and  a  general  shattering  of  it 
As  the  width  of  the  schist  zones  increases,  the  fissuring  becomes  less 
closely  confined  to  the  contacts  and  more  independent  of  the  limestone. 
The  most  pronounced  shear  zones  occur  in  bodies  of  schist  several 
hundred^  feet  in  thickness  in  which  competent  beds  are  reduced  to  a 
minimum,  but  even  here  the  action  of  the  competent  beds  as  the  con- 
trolling factor  during  adjustment  b  recognizable.  An  especially 
favorable  horizon  for  fissures  formed  by  such  shearing  is  at  or  near  the 
junction  of  the  main  limestone  division  of  the  group  and  the  underlying 
schist  division. 

Other  fissures  that  cut  the  schist  and  the  limestone  are  either  not 
related  to  fissures  that  were  produced  by  shearing  or  represent  the 
extreme  product  of  the  deformation.  A  certain  amount  of  deforma- 
tion could  be  accommodated  by  the  adjustment  of  the  beds  of  such 
series  as  have  been  described,  but  if  the  deforming  forces  continued  to 
act  the  beds  would  break.  Fissures  thus  produced  are  the  cleanest 
cut  and  most  continuous  observed  and  are  occupied  by  the  largest 
veins  known  in  the  area.  Of  the  fissures  in  the  schist  even  the  cleanest 
cut  show  extreme  irr^ularity.  The  physical  properties  of  the  schist 
did  not  permit  it  to  fracture  along  sharp,  wdl-defined  planes.  The 
fissures  follow  sinuous  courses  along  both  the  strike  and  the  dip,  and 
horizontal  movement  along  these  sinuous  lines  has  given  to  the  veins 
which  now  occupy  the  fissures  their  habits  of  pinch  and  swell. 

Only  a  few  veins  of  considerable  size  fill  fissures  in  the  limestone 
division.  The  physical  properties  of  the  limestone  cause  it  to  break 
more  evenly  than  the  schist,  and  the  veins  in  limestone  are  more 
uniform  than  those  in  schist.  Any  irregularities  seem  to  be  due  to  the 
division  of  the  beds  into  blocks  by  joint  planes  and  to  unequal  move- 
ment of  the  individual  blocks,  which  resulted  in  straight-line  reen- 
trants and  cavernous  openings  in  the  fissure  walls.  The  joint  systems 
and  bedding  planes  in  the  limestone  are  the  openings  most  conmionly 
filled  by  later  solutions^ 

The  black  slate  member  of  the  series  is  best  developed  in  the  Solo- 
mon region.  It  covers  a  very  small  area  but  is  exceptional  among 
the  rocks  of  the  series  in  the  way  in  which  it  has  fissured.  It  is  a 
dense  siliceous,  uniform-textured  rock  which  has  fractured  along  clean- 
cut  lines.  The  veins  of  Big  Hurrah  Creek  occur  in  this  formation 
and  are  the  best  defined  and  most  regular  of  the  veins  known  in  the 
region.  The  contrast  between  the  fracturing  qualities  of  this  division 
of  the  Nome  group  and  those  of  the  schist  affords  a  good  explanation 
why  most  of  the  veins  of  Seward  Peninsula  have  proved  so  irregular 
and  discoiuraging  to  prospectors. 
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TTFBS  OF  DEPOSITS. 

In  this  region  concentrations  of  mineralization,  especially  of  gold 
mineralization,  are  only  relative.  Dissemination  is  the  rule.  The 
concentrated  deposits  may  be  classed  as  veins  and  shear  zones. 

Veins, — ^Although  the  veins  of  Seward  Peniivsula  have  not  shown 
great  promise  and  have  proved  a  source  of  discouragement  to  pros- 
pectors, because  of  their  lack  of  continuity  and  the  erratic  distribution 
of  the  minerals  which  they  contain,  they  are  important  in  a  study  of 
the  general  mineralization  of  the  region.  They  are  known  to  be  one 
of  the  sources  if  not  the  chief  source  of  the  placer  gold.  In  addition 
to  the  original  gold  content  of  the  veins,  gold-bearing  sulphides  of  a 
later  period  of  mineralization  have  in  many  places  followed  the  same 
fissures  as  the  veins  and  fill  fractures  in  the  vein  quartz  and  impreg- 
nate the  schist  of  the  vein  walls.  So  far  as  known  the  original  sul- 
phide content  of  the  veins  was  small. 

Smith  *  has  classified  the  veins  as  older  quartz  veins,  newer  quartz 
veins,  and  calcite  veins.  The  calcite  veins  are  abundant  in  both 
schist  and  limestone  but  especially  in  the  limestone.  Usually  they 
occur  as  thin  stringers  and  have  attracted  little  attention  as  carriers 
of  valuable  mineral,  but  on  Snow  Gulch  and  Dry  Creek,  north  of 
Nome,  a  number  of  tunnels  have  been  driven  on  calcite  veins  that 
contain  a  little  gold.  The  importance  of  the  veins  of  this  type  is 
probably  negligible. 

The  older  quartz  veins  are  those  that  antedated  the  period  of 
extreme  deformation  and  metamorphism  in  which  the  schists  of  the 
region  were  formed.  Throughout  the  schist  occur  lenses  and  masses 
of  quartz,  some  of  which  suggest  by  their  outline  that  they  are  derived 
from  or  are  deformed  remnants  of  veins  that  were  contained  in  the 
sediments  at  the  time  of  their  metamorphism.  Smith  ^  has  noted 
that  some  of  this  quartz  has  had  a  different  origin^  being  the  result 
of  the  decomposition  of  silicate  minerals  during  metamorphism. 
The  quartz  of  the  older  veins  is  completely  recrystalUzed,  and  noth- 
ing concerning  the  earlier  history  of  their  mineralization  can  be 
determined.  Some  of  these  veins  are  known  to  carry  gold,  but  their 
very  irregular  occurrence  eliminates  them  as  prospective  lodes. 

The  older  veins  are  usually  inconspicuous,  and  it  is  the  later  veins 
which  are  usually  observed  and  to  which  prospecting  has  been  largely 
confined.  The  later  veins  are  not  all  of  one  period,  but  subdivision 
according  to  age  is  not  possible.  At  the  Big  Hurrah  mine,  where 
veins  of  this  type  are  well  developed,  smaller  veinlets  of  several  ages 
can  be  recognized,  and  veinlets  of  later  quartz  cut  the  quartz  of  the 
main  veins.  A  further  indication  of  the  repeated  or  continued 
injection  of  quartz  is  seen  in  the  ribbon  rock  at  this  locality.     The 

i  Smltb,  P.  S.,  op.  dt.  (Bull.  4n),  p.  90. 
'Idem. 
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veins  can  be  subdivided  on  the  basis  of  accessory  gangue  constituents 
into  quartz,  quartz-feldspar,  and  quartz-calcite  veins.  They  cut  all 
the  rocks  of  the  series;  they  may  be  parallel  to  the  bedding  and 
schistosity  or  may  cut  them.  They  range  in  size  from  stringers  less 
than  an  inch  to  veins  several  feet  in  width,  but  most  of  them  are 
less  than  6  inches  wide.  They  are  generally  not  traceable  for  more 
than  a  few  hundred  feet  along  the  strike,  and  whatever  their  width, 
they  are  characterized  by  repeated  and  abrupt  pinch  and  swell  and 
irregularity  of  strike  and  dip. 

The  quartz  of  the  veins  is  commonly  white,  clear,  and  vitreous 
and  is  stained  by  iron  oxide  on  the  fractured  surfaces.  Comb  struc- 
ture that  shows  several  periods  of  vein  growth  is  not  unusual.  The 
veins  are  characteristically  of  open  texture,  and  the  openings  are 
usually  cavities  into  which  clear  quartz  crystals  that  show  excellent 
terminations  project.  Some  veinlets  that  cut  schist  are  less  than  a 
quarter  of  an  inch  wide  and  show  the  open  texture  distinctly. 

Where  calcite  occurs  as  an  accessory  constituent  of  the  vein,  it  is 
commonly  concentrated  in  areas  through  the  quartz.  Locally  both 
quartz  and  calcite  are  present  in  about  equal  amounts,  but  usually 
the  calcite  crystallizes  by  itself  in  well-formed  rhombohedrons.  It 
may  be  white  or  stained  yellow  by  iron  oxide.  Where  tested  it  was 
nonmagnesian. 

The  feldspar  type  of  vein  is  best  known  in  the  Nome  area.  A  few 
of  these  veins  occur  in  the  Solomon  area  but  are  not  conspicuous. 
The  feldspar  is  everywhere  of  a  plagioclase  variety.  Albite  and 
oligoclase  were  about  equally  abundant  in  the  thin  sections  examined. 
The  feldspar  occurs  both  disseminated  through  the  quartz  and  s^re- 
gated  in  small  nests.  It  was  nowhere  seen  to  be  present  in  any  con- 
siderable quantity. 

Sulphides  of  contemporaneous  origin  with  the  quartz  occur  in  some 
of  the  veins.  Pyrite  is  most  common,  but  arsenopyrite  and  chal- 
copyrite  have  also  been  noted.  Most  of  the  sulphide  is,  however, 
safely  assignable  to  a  later  period  of  mineralization,  as  .it  is  usually 
seen  to  occur  as  veinlets  in  the  quartz  or  in  openings  in  the  vein. 
Stibnite,  arsenopyrite,  and  pyrite  are  the  most  abundant  of  the  later 
sulphides.  Qalena,  chalcopyrite,  pyrrhotite,  and  bismuthinite  are 
also  known.  Scheelite  is  a  constituent  of*  the  veins  in  several  locali- 
ties, and  from  the  general  distribution  of  this  mineral  in  the  placers 
it  is  thought  to  be  rather  common  and  perhaps  a  minor  constituent 
of  the  veins. 

Shear  zones, — Shear  zones  are  exceedingly  common,  both  in  schist 
and  in  limestone.  Most  of  the  shearing,  because  of  its  very  general 
distribution,  did  not  cause  concentration  of  the  mineralization  but 
rather  the  opposite.  However,  a  type  of  shear  zone  is  recognized  in 
which  there  was  considerable  concentration  and  which  may  prove 
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to  be  an  important  factor  in  determining  the  source  of  the  placer  gold. 
The  zones  of  this  type  occur  in  schist,  and  many  of  them  contain  very 
little  quartz;  consequently  they  are  soft  and  easily  concealed  by 
talus  and  moss.  It  can  not  be  said  how  abundant  they  are,  or  what 
their  distribution  may  be.  They  are  very  prominent  in  the  Snake 
River  drainage  basin,  and  they  are  probably  much  more  numerous 
than  they  appear  to  be,  as  their  exposure  is  largely  fortuitous.  Stib- 
nite,  gold,  and  scheelite  are  present  in  these  zones.  The  best-defined 
examples  were  noted  at  the  head  of  Waterfall  Creek,  on  the  Christoph- 
osen  property;  near  the  head  of  Goldbottom  Creek,  in  the  California 
quartz  lode;  on  Boulder  Creek,  in  the  Boulder  lode;  on  Rock  Creek, 
at  Sophie  Gulch;  in  a  small  gulch  just  west  of  Snow  Gulch,  tributary 
to  Glacier  Creek;  in  New  .Years  Gulch,  a  tributary  of  Anvil  Creek; 
and  opposite  the  mouth  of  Specimen  Gulch,  on  the  northwest  bank 
of  Anvil  Creek.  Possibly  certain  hematitic  schists  that  occur  on 
Dexter  and  Dry  creeks  belong  to  this  class  of  deposits,  but  they  do 
not  seem  to  be  typical.     (See  fig.  18.) 

These  zones  are  characterized  by  disseminated  sulphides.  In 
some  of  them  quartz  is  plentiful,  but  it  is  older  than  the  sulphides. 
Comparatively  little  quartz  seems  to  have  accompanied  the  later 
mineralization.  Where  these  zones  are  opened  by  mining  operations 
fault  planes  are  seen  to  cut  the  schist.  The  weathered  outcrops  are 
iron  stained,  and  the  soft,  decomposed  schist  will  pan  gold  and  on 
assay  shows  a  low  gold  content.  The  width  of  the  zones  is  not  well 
defined,  for  the  mineralization  gradually  diminished  with  increasing 
dbtance  from  the  faults.  Where  determinable,  arsenopyrite  is  the 
most  abundant  sulphide  impregnating  the  schist  of  these  zones. 
Pyrite  is  also  plentiful.  Stibnite  occurs  at  the  Waterfall,  Rock,  and 
Anvil  creek  localities,  but  it  is  not  known  to  be  contemporaneous 
with  the  arsenopyrite.  Scheelite  has  been  mined  from  the  zone  on 
Sophie  Gulch,  but  at  this  locality  quartz  veinlets  are  numerous  and 
at  least  part  of  the  scheelite  occurs  as  a  contemporaneous  con- 
stituent of  the  veins. 

As  these  zones  carry  gold,  even  if  their  content  is  too  low  to  class 
them  as  conmiercial  ore  bodies,  their  importance  as  feeders  for  the 
rich  placers  of  the  district  is  evident.  The  width  of  many  of  them 
is  measured  in  scores  of  feet,  and  in  some  localities  they  are  said  to 
have  been  traced  for  several  thousand  feet.  As  known,  they  repre- 
sent rather  good-sized  bodies  of  low-grade  ore,  or  rather  mineralized 
rock. 

Contact  shearing  and  shearing  within  the  limestone  has  resulted  in 
concentrations  of  ai^entiferous  galena  and  of  copper  siilphides. 

At  the  contact  of  many  of  the  massive  limestone  beds  which  occur 
throughout  the  schist  division  there  is  evidence  of  intense  deforma- 
tion.    The  limestone  has  been  rendered  schistose,  and  the  schistose 
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limestone  grades  into  calcareous  schist  which  in  all  probability  has 
been  derived  from  the  limestone  and  represents  the  extreme  phase  of 
metamorphism.  The  limestone  is  in  many  places  closely  folded  and 
contorted  along  the  contact.  Galena  and  sphalerite  have  been 
introduced  along  these  horizons  in  several  localities,  and  replacement 
ore  bodies  have  been  formed  in  the  limestone  and  schist.  Hie  onlj 
deposit  of  this  kind  known  within  the  area  described  occurs  on 
Eruzgamepa  River  near  the  mouth  of  Iron  Creek  (p.  210).  The  ore 
here  occurs  as  lenticular  bodies  in  the  schist  and  consists  of  galena  and 
sphalerite  in  a  gangue  of  quartz  and  calcite.  On  Eugruk  River,  near 
the  mouth  of  Independence  Creek,  a  deposit  of  lead-silver  ore  is  being 
explored.  The  locality  has  not  been  visited  by  a  member  of  the 
Geological  Survey,  but  from  descriptions  it  is  understood  to  be  a 
deposit  of  this  type.  At  Omalik,  in  the  Fish  River  basin,  a  similar 
deposit  of  lead-silver  ore  has  been  known  for  many  years." 

At  Iron  Creek  (p.  208)  and  Copper  Mountain  (p.  217)  quartz  carrying 
copper  sulphides  has  been  introduced  along  shear  zones  that  have 
followed  the  bedding  planes  in  the  limestone,  and  the  limestone  has 
been  replaced  by  silica.  All  the  concentrations  of  copper  minerals 
known  in  the  area  occur  in  deposits  of  this  type. 

Many  of  the  relative  concentrations  in  veins  and  mineralized 
shear  zones  grade  imperceptibly  into  slightly  mineralized  countir 
rock.  Sulphides,  chiefly  pyrite,  occur  everywhere  throughout  the 
schist  and  slate  of  the  Nome  group  and  at  many  places  in  the  lime- 
stone. Hardly  a  weathered  specimen  of  schist  can  be  found  that 
is  not  specked  with  iron  oxide,  and  thin  sections  show  decomposed 
sulphide  in  every  specimen  examined.  The  schist  as  a  whole  is 
well  mineralized.  In  the  limestone  the  sulphides  are  less  pientiful, 
but  at  its  contact  with  schist  and  also  adjacent  to  surfaces  of  move- 
ment within  the  limestone  itself  sulphides  are  almost  always  rec<^ 
nizable.  Concentrations  are  frequently  seen  in  the  schist  along  the 
limestone-schist  contact,  occurring  as  tiny  veinlets  that  cut  the 
schist  where  it  has  suffered  considerable  distortion,  coating  fissures 
in  the  schist  and  coating  the  wall  rock  of  quartz  veinlets.  It  is 
not  definitely  known  that  the  disseminated  pyrite  contains  gold; 
but  gold  occurs  chemically  or  mechanically  combined  with  sulphides 
in  some  of  the  lodes  of  the  area,  and  it  is  very  probable  that  a  part 
of  the  placer  gold  may  have  its  origin  in  the  disseminated  sulphides. 

Quartz  veinlets  from  a  fraction  of  an  inch  up  to  several  inches 
in  width  occur  in  the  schist  in  great  numbers.  They  are  nonpe^ 
sistent,  variable  in  width,  and  irregular  in  strike  and  dip.  Tliey 
appear  to  be  almost  nowhere  concentrated  to  the  point  of  forming 
a  stringer  lode.     Such  concentrations  as  occur  are  not  sufficient 

t Smith,  P.  S.^and  Eakin,  H.  M.,  A  geologic  reconnaissance  in  southeastern  Seward  Penlnsqla:  U.S. 
Qeol.  Survey  BtiU.  449,  pp.  130-133, 1011. 
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to  remove  them  from  the  class  of  disseminated  deposits.  The 
veinlets  cany  native  gold.  Stringers  a  quarter  of  an  inch  in  width 
contain  small  nuggets.  Free  gold  disseminated  through  the  schists 
is  not  known  to  occur. 

KELATION  OF  GOLD  TO  IGNEOUS  BOOKS. 

Brooks  •  has  described  the  gold  lodes  of  Seward  Peninsula  as 
deposits  differing  from  the  lodes  of  other  parts  of  Alaska  in  that 
they  show  no  genetic  relation  to  intrusive  rocks.  Smith  *®  cites  the 
presence  of  tourmaline  in  many  of  the  rocks  as  evidence  that  granitic 
intrusives  which  are  not  exposed  may  underlie  the  gold-producing 
areas  and  also  correlates  some  of  the  later  quartz  veins  with  the 
intrusion  of  the  granitic  rocks  of  the  Kigluaik  Mountains.  An 
examination  of  the  geologic  map,  which  shows  a  belt  of  granitic 
intrusives  in  the  area  of  the  Kigluaik  Mountains,  one  prominent 
area  of  granitic  rock  at  Cape  Nome,  and  a  few  small  isolated  bosses 
as  far  south  as  Stewart  River,  suggests  that  the  region  between  the 
mountains  and  the  coast  may  be  underlain  by  intrusive  rocks. 

Another  criterion  that  may  have  some  significance  is  the  character 
of  some  of  the  later  quartz  veins,  which  are  of  the  quartz-feldspar 
variety.  In  the  Fortymile  district  Spurr  "  found  similar  veins  and 
could  trace  the  transition  from  granite  to  aplite  to  pegmatite  to 
quartz-feldspar  veins,  and  finally  to  quartz  veins  without  feldspar. 
This  evidence  suggests  that  the  veins  of  the  Nome  region  especially 
have  been  derived  from  a  granitic  rock  but  represent  a  product  a 
considerable  distance  removed  from  its  source. 

Another  feature  which  suggests  that  the  mineralization  is  related 
to  a  granitic  rock  is  the  widespread  occurrence  of  scheelite  in  the 
placers.  Scheelite  occurs  as  a  constituent  of  the  quartz  veins  and  is 
associated  with  the  arsenopyrite.  An  analysis  of  the  descriptions  of 
50  tungsten  deposits,  which  mclude  the  most  productive  deposits  of 
the  world,  indicate  that  some  of  their  outstanding  features  are  as  fol- 
lows: (a)  The  composition  of  the  intrusive  from  which  they  are 
derived  is  usually  that  of  a  granite,  although  the  deposits  may  be 
associated  with  rocks  as  basic  as  diorite;  (b)  the  deposits  may  occur 
in  the  granite  but  usually  occur  in  the  country  rock  and  have  con- 
siderable ability  to  migrate  from  their  source;  (c)  the  traveling  ability 
varies  with  the  mineral.  Scheelite  is  more  likely  to  occur  at  a  dis- 
tance from  the  intrusive  rock  than  any  other  tungsten  mineral. 

In  the  Kigluaik  Mountains  the  granite  is  intruded  almost  entirely 
as  sills  and  dikes.     The  few  bodies  of  granite  penetrating  the  Nome 

*  Brooks,  A.  H.,  Geologic  features  of  Alaskan  metalUferous  lodes:  V.  S.  Oeol.  Survey  Bull.  480,  p.  70, 1911. 

10  Smith,  P.  8.,  op.  dt.  (Bull.  433),  pp.  132-133. 

11  Spurr,  J.  E.,  Oeology  of  the  Yukon  gold  district,  Alaska;  U.  S.  Oeol.  Survey  Eighteenth  Ann.  Kept., 
pt.  3,  pp.  147,  291, 1896. 
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group  south  of  the  *mountains  are  bosses,  and  the  rocks  are  badly 
sheared.  At  one  locahty  on  Stewart  River  there  is  a  granite  which  is 
so  highly  sheared  as  to  be  decidedly  schistose,  and  its  origin  is  not 
easily  recognizable.  It  is  possible  that  bosses  and  sills  of  granitic 
rock  that  have  been  converted  to  schist  occur  throughout  the  highly 
metamorphosed  schists.  Schists  derived  from  igneous  rocks  have 
not  been  identified,  however,  and  it  is  probable  that  if  they  are  present 
the  alteration  has  gone  so  far  that  they  are  beyond  recognition. 

It  is  not  enough  to  say  that  the  granite  known  elsewhere  on  the 
peninsula  underUes  the  areas  here  discussed  or  that  it  may  have  been 
present  and  is  now  metamorphosed  beyond  recognition,  for  where 
the  granite  is  known — in  the  York  district  and  in  the  Eigluaik 
Mountains,  for  instance — it  has  not  produced  auriferous  mineraliza- 
tion  but  deposits  of  tin,  tungsten,  and  lead.  It  should  be  noted 
however,  as  suggested  by  Brooks  (p.  168),  that  there  may  have  been 
more  than  one  period  of  granitic  intrusion.  Most  of  the  gold  deposits 
of  Alaska  are  related  to  dioritic  rocks.  Diorite  occurs  at  Cape 
Darby, ^'  and  andesite,  quartz  diorite,  and  monzonite  occur  in  the 
Fairhaven  district,"  but  elsewhere  the  intrusive  rocks  are  chiefly 
biotite  granites.  If  the  quartz-feldspar  veins  are  accepted  as  evi- 
dence of  an  underlying  granitic  mass  from  which  the  gold  may  have 
been  derived,  it  is  interesting  to  note  that  the  feldspars  of  these  veins 
wherever  determined  were  plagioclase  feldspars,  albite  or  oUgoclase. 
Plagioclase  feldspar  is  an  accessory  constituent  of  the  biotite  gran- 
ites, but  it  seems  reasonable  to  assume  that  the  character  of  the 
magma  from  which  the  veins  are  derived  would  be  reflected  in  the 
veins  themselves.  The  feldspars  of  the  veins  noted  by  Spurr  "  were 
orthoclase.  It  is  not  improbable,  therefore,  that  the  rock  which  is 
supposed  to  have  produced  the  gold  mineralization  is  a  diorite  such 
as  has  supplied  the  gold  elsewhere  in  Alaska. 

SEQUENCE   OF  MINERALIZATION. 

It  does  not  seem  possible  to  assign  a  definite  age  to  any  of  the 
several  periods  of  mineralization  which  have  been  noted.  The 
relative  ages  are  known  only  in  part.  The  two  features  of  the  age 
relations  which  are  most  impressive  are  (a)  the  number  of  periods  of 
mineraUzation  during  which  the  various  metals  have  been  deposited 
and  (h)  the  probable  geologic  youth  of  most  of  the  sulphide,  part  of 
which  is  either  gold  bearing  or  was  accompanied  by  gold  and  which 
seems  to  account  best  for  certain  of  the  weU-known  concentrations 
of  gold. 

u  MendcnhaU,  W.  C,  A  recanoaissance  in  the  Norton  Bay  region,  Alaska,  in  1900:  U.  8.  Oeol.  Survey 
Special  Pub.,  p.  205, 1901. 

M  Mofflt,  F.  H.f  The  Fairhaven  gold  placers,  Seward  Peninsula,  Alaska:  U.  8.  Oeol.  Survey  BulL  347, 
p.  90, 1905. 

><  SpuiT,  J.  E.,  op.  dt. 
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The  order  of  succession  may  have  been  somewhat  as  follows: 

1.  The  older  quartz  veins.  These  antedated  the  extreme  metamor- 
phism  of  the  metamorphic  series.  How  much  of  the  disseminated 
sulphide  and  gold  mineralization  is  assignable  to  this  period  is  not 
clear.    A  laige  part  of  it  is  later. 

2.  Replacement  deposits  at  limestone-schist  contacts  and  along 
zones  of  bedding  shear  in  limestone.  The  contact  type  includes  the 
argentiferous  galena  of  Iron  Creek  (p.  210) ;  the  shear-zone  type  indudes 
the  copper  of  Iron  Creek  and  Copper  Mountain  (pp.  208,  217).  The 
relative  ages  of  these  types  are  not  determined.  Galena  occtUB  in 
small  amounts  as  veinlets  in  the  siliceous  copper  ores  of  Dickens 
Creek  (p.  219)  and  as  veinlets  cutting  the  later  quartz  veins  of  Mountain 
Creek.  If  the  galena  mineraUzation  is  all  of  one  age,  the  galena 
replacement  deposits  may  be  considerably  younger  than  the  copper 
replacement  deposits. 

3.  The  later  quartz  veins.  The  relative  age  of  the  copper  replace 
ment  deposits  and  of  the  later  quartz  veins  is  also  uncertain.  That 
the  former  are  merely  a  variation  of  the  latter  is  questionable,  however, 
as  the  copper  sulphides  are  not  prominent  constituents  of  the  quartz 
veins  and  the  accessory  feldspar  and  calcite  of  the  veins  are  not  known 
in  the  copper  ores.  In  the  Casadepaga  district  Smith  found  silicified 
limestone  cut  by  later  quartz  veins.  That  the  veins  are  of  more  than 
one  period  of  intrusion  is  very  probable,  or  at  least  their  introduction 
was  continued  throughout  some  time,  as  shown  by  the  vein  structure 
at  the  Big  Hurrah  mine.  From  the  evidence  at  hand,  it  might  be 
best  to  consider  the  copper  replacement  deposits  as  older  than  the 
later  quartz  veins,  although  they  may  in  part  be  contemporaneous. 
Geologically  both  of  these  types  are  fairly  young.  They  are  but 
slightly  disturbed  and  certainly  are  subsequent  to  any  of  the  periods 
of  major  deformation  of  the  rocks  of  the  peninsula.  It  is  probable 
that  tiiey  are  younger  than  the  late  Cretaceous  coal-bearing  rocks, 
which  occur  in  the  eastern  part  of  the  peninsula,  as  those  rocks  are 
considerably  faulted  and  folded.  ' 

4.  Sulphide  mineralization.  Most  of  the  sulphide  minerals  are 
probably  younger  than  the  later  quartz  veins.  Practically  all  the 
stibnite  and  arsenopyrite  and  much  pyrite  are  certainly  younger. 
The  pyrite  is  so  abundant  that  it  may  have  accompanied  the  mineral- 
ization of  all  periods.  The  age  of  the  arsenopyrite  and  stibnite  is 
shown  by  their  association  with  the  later  veins.  Movement  sufficient 
to  reopen  the  vein  fissures  and  slightly  shatter  the  veins  suppKed 
part  of  the  openings  into  which  these  sulphides  were  injected.  The 
movement  that  has  occurred  since  the  deposition  of  the  stibnite  is 
probably  very  slight,  as  those  delicate  ore  bodies  are  not  seriously 
disturbed.  Slight  movements  are  recorded  in  the  several  beach 
levels  at  Nome,  the  oldest  of  which  may  be  Pliocene.    The  sulphide 
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mineralization  would  seem  to  be  safely  aas^nable  to  tbe  Tertiary, 
but  there  is  no  evidence  to  indicate  whether  it  was  early  or  late  in 
Tertiary  time. 

If  the  above  interpretation  is  correct,  it  would  seem  that  the 
sulphide  mineralization  and  most  of  the  gold  mineralisation  of  this 
area  occurred  subsequently  to  the  mineralization  which  was  effected 
by  the  granites  in  the  York  district.  The  York  deposits  are  ihou^t 
to  be  of  Mesozoic  age/^  but  that  determination  is  also  in  doubt,  as 
the  granites  do  not  occur  in  association  with  sedimentary  rocks 
younger  than  Mississippian. 

AREAS    OF    MINERALIZATION. 

Most  of  the  lode  prospects  of  Seward  Peninsula  occur  within  two 
comparatively  small  areas — the  York  district,  in  the  extreme  north- 
western part  of  the  peninsula,  and  an  area  lying  south  of  the  Kigluaik 
and  Bendeleben  mountains,  between  Cripple  River  on  the  west  and 
Council  on  the  east.  Prospects  are  also  known  near  Kougarok 
Moimtain,  in  the  Kougarok  Valley,  on  Kugruk  River,  at  Omalik,  and 
elsewhere,  but  most  of  the  prospecting  has  been  done  within  the  two 
areas  specified.  It  is  very  probable  that  these  areas  have  been 
considered  more  favorable  not  so  much  because  of  the  absence  of 
lodes  elsewhere  which  are  as  attractive  as  many  or  most  of  those 
that  occur  within  the  areas  cited^  but  rather  because  of  their  prox- 
imity to  tin  placers  in  the  York  district  and  to  the  very  productive 
gold  placers  of  Nome,  Solomon,  and  Council  in  the  southern  district. 
However,  since  the  finding  of  gold  at  Nome,  placer  miners  have 
pretty  thoroughly  covered  the  creeks  of  the  entire  peninsula  and 
incidentally  have  investigated  the  promising  lodes,  so  that,  although 
the  restriction  of  gold  lodes  may  not  be  so  great  as  is  indicated  by 
the  distribution  of  the  lode  prospects,  and  other  areas  may  possibly 
contain  lodes  of  value,  there  was  probably  a  relatively  richer 
mineralization  in  the  York  and  southern  districts. 

MINERAL   DEPOSITS   OTHER   THAN   GOLD. 

In  the  foregoing  description  the  bedrock  occurrence  of  gold  has 
been  principally  emphasized.  There  are,  however,  many  other 
minerals  on  the  peninsula  of  either  proved  or  possible  value.  Some 
occurrences  of  these  minerals  are  described  in  the  following  pages; 
others  lie  outside  of  the  area  under  discussion. 

Coffer. — The  copper  ore  of  the  area  visited  occurs  in  replacement 
deposits  along  sheared  zones  in  limestones  and  schist  and  is  charac- 
terized by  features  not  observed  in  any  of  the  other  ores.  At 
numerous  localities  the  limestone,  which  is  normally  blue,  is  bleached 

u  Steidtmann,  Edward,  and  Cathcart,  S.  H.,  Geology  of  the  York  tin  deposits,  Alaska:  U.  8.  OeoL 
Survey  Bull.  —  (in  preparation). 
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to  a  lighter  color  or  to  white,  and  in  places  the  bleaching  is  accom- 
panied by  slUcification.  These  altered  zones  occur  both  at  schist 
contacts  and  along  planes  of  adjustment  within  the  limestone  and 
apparently  unrelated  to  schist.  The  agency  that  effected  the 
bleaching  is  not  known.  Silica  has  been  introduced  along  the  shear 
zones  in  places,  and  not  uncommonly  the  bleached  limestone  is 
completely  replaced.  The  copper  sulphides  that  occur  in  these 
zones  are  contemporaneous  with  the  quartz,  but  the  quartz  does 
not  everywhere  contain  copper  minerals. 

This  alteration  of  the  limestone  has  been  noted  on  Penny  River,  in 
the  Solomon  district,  at  Mount  Dlxon,^*  on  Iron  Creek,  at  Copper 
Mountain,  on  Slate  Creek,  on  Manila  Creek,  and  at  Mount  Distin. 
Copper  minerals  are  associated  with  the  altered  limestone  on  Mount 
Dixon,  Iron  Creek,  Manila  Creek,  and  Copper  Mountain,  and  zinc 
and  lead  at  Mount  Distin. 

The  quartz  bodies  in  which  the  copper  minerals  occur  seem  to 
conform  with  the  bedding  of  the  limestone.  The  quartz  contains 
many  shrinkage  cavities  and  retains  the  original  bedding  planes  of 
the  replaced  rock.  The  most  noticeable  feature  of  the  rock  is  its 
banded  structure.  Chalcopyrite,  bomite,  and  pyrite  are  the  usual 
sulphides  observed.  Gralena  is  locally  present.  As  all  the  develop- 
ments are  confined  to  the  surface  workings,  malachite  and  azurite 
are  the  most  abundant  ore  minerals. 

Copper  has  been  reported  from  the  following  localities: 

Lost  River,  below  the  mouth  of  Tin  Creek. ^^ 

Aflsociated  with  the  tin  deposits  of  Ears  Mountain.'^* 

About  3}  miles  northwest  of  Kougarok  Mountain,  between  Bismark,  and  Star 
creeks,  tributaries  of  Quartz  Creek." 

Three  or  four  miles  southeast  of  Kougarok  Mountain.** 

On  Kougaxok  River  nsar  the  month  of  Taylor  Creek.** 

Timber  Creek  and  Tubutulic  divide,  Council  City  jwecinct.** 

On  the  east  coast  of  Darby  Peninsula^  about  3  miles  north  of  Caraon  Creek.^ 

In  the  Bendeleben  Mountains,  on  the  divide  between  Kingsland  and  Nugget  creeks.** 

North  side  of  Split  Creek,  a  tributary  of  Bear  Creek  in  the  Fairhaven  precinct.** 

East  of  Iron  Creek  near  the  head  of  Sherette  Creek,  in  the  Kongarok  precinct. 

On  Copper  Mountain,  Dickens  Creek,  and  Copper  Creek,  at  the  head  of  Nome  River. 

On  Dexter  Creek,  in  the  Nome  district.** 

On  Mount  Dixon,  on  Spruce  Creek,  and  in  the  Moonlight  Creek  divide,  in  the 
Solomon  district." 

u  Smith*  P.  3.,  op.  olt.  (Bull.  438),  p.  lift. 

>'  Knopf,  Adolph,  Oedogy  of  the  tin  deposits  of  Seward  Peninsula,  Alaska:  U.  8.  Qeol.  Survey  Bull. 
358,  pp.  57^58, 1006. 

lu  Idem,  p.  26. 

K  Mertie,  J.  B.,)r.,  Lode  and  placer  mining;  on  Seward  Peninsula,  Alaska:  U.  S.  Geol.  Survey  Bull.  602, 
p.  440, 1917. 

u  Smith,  P.B.,  Ifineral  deposits  of  Seward  Peninsula,  Alaska:  U.S.  Oeol.  Survey  Bull.  345,  p.  2M,  1908. 

»  Smith,  P.  8.,  and  Eakin,  H.  M.,  A  geologife  noonnsdssanoein  soatheastim  Seward  Peninsula  and  the 
Norton  Bay-Nulato  region,  Alaska:  U.  S.  Oeol.  Survey  Bull.  449,  pp.  134-135,  1911. 

n  Harringtan,  O.  L.,  Gold  and  platinum  placers  of  KiwaUk-Koyok  rtgion,  Alaska:  U.S.  Qeol.  Survey 
Bull.  602,  p.  399, 1917. 

n  Smith,  P.  B.,  op.  dt.  (Bull.  845),  p.  243. 
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At  the  head  of  Twin  Mountain  Creek,  in  the  Nome  district. 

At  the  head  of  Waterfall  Creek.» 

On  the  Klokerblok  divide  near  the  head  of  Eldorado  Creek,  in  the  Bluff  n^gion. 

On  the  ridge  at  the  head  of  Manila  Creek. 

Half  a  mile  north  of  the  mouth  of  Little  Hurrah  Creek,  in  the  Solomon  district. 

Near  the  head  of  North  Fork,  a  tributary  of  Last  Chance  Creek,  in  the  Nome  district 

At  most  of  these  localities  copper  is  present  in  very  small  quan- 
tities, and  at  many  of  them  development  would  hardly  be  justified. 
Little  development  work  has  been  done  at  any  locality. 

Tungsten, — ^A  small  amount  of  tungsten  has  been  recovered  from 
the  placers  incidentally  to  the  mining  of  gold.  In  the  York  district 
wolframite  is  associated  with  cassiterite  in  the  tin  deposits.  It  is 
present  in  very  small  quantities,  so  far  as  known,  and  has  not  con- 
tributed to  the  production.  ScheeUte  is  the  mineral  foimd  in  the 
placers  and  is  present  in  small  quantities  at  many  localities.  The 
concentrates  from  most  of  the  streams  of  the  Snake  River  valley 
contain  scheelite.  It  occurs  in  the  placers  at  Bluff,  in  the  Council 
region,  in  the  Solomon  district,  and  in  the  Fairhaven  district. 

Sophie  Oulch,  a  tributary  of  Rock  Creek  (p.  245),  has  been  sluiced 
for  its  scheelite  content.  The  gulch  is  cut  in  a  shear  zone  in  schist 
which  contains  a  multitude  of  small  quartz  veins.  The  schist  ad- 
jacent to  the  veins  is  impr^nated  with  sulphides.  Schedite  occurs 
with  the  sulphides  that  impregnate  the  schist  and  in  the  quartz 
veins  that  cut  the  schist.  As  the  sulphide  mineralization  was  later 
than  the  formation  of  the  veins,  and  as  scheelite  appears  to  be  con- 
temporaneous with  both  the  quartz  and  the  sulphides,  more  than  one 
period  of  tungsten  mineralization  seems  certain. 

Sche^alite  has  also  been  mined  from  a  quartz  vein  on  Twin  Mountain 
Creek  and  has  been  reported  from  lodes  on  the  north  side  of  Glacier 
Creek '^  and  on  the  divide  between  Glacier  and  Anvil  creeks. 

Lead. — Within  the  area  examined  galena  and  sphalerite  occur  on 
Kruzgamepa  River  at  the  mouth  of  Iron  Creek  (p.  210)  and  on  Steep 
Creek  at  the  foot  of  Moimt  Distin  (p.  232).  At  the  former  locality 
the  ore  is  chiefly  galena.  It  occurs  as  lenticular  bodies  along  lime- 
stone-schist contacts.  At  Mount  Distin  the  ore  occurs  in  veinlets 
in  a  zone  of  bleached  limestone.  Galena  is  also  present  in  very  small 
quantities  with  the  copper  ores  of  Dickens  Creek,  Mountain  Creek, 
Rock  Creek,  and  Sophie  Gulch. 

Lead,  in  several  places  associated  with  zinc  or  with  copper,  has  been 

reported  from  the  following  localities: 

At  Brooks  Mountain.^ 

North  of  Rapid  River,  a  tributary  of  Lost  River.** 

On  Tin  Creek,  a  tributary  of  Loet  Rlver.^ 

On  Kruzgamepa  River,  at  the  mouth  of  Iron  Greek  (lead  and  zinc). 

« Itetto,  J.  B.,  Jr.,  op.  ett.  (BoB.  668),  p.  442. 

M  Idem,  p.  437. 

*  Knopf,  Adolph,  op.  elt.  (3ull.  858),  p.  42. 
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Northeast  of  Mount  Bendeleben  (lead  and  copper). 

AtOmalik.M 

Aft  the  head  of  Steep  Creek,  on  Mount  Distin  (lead  and  zinc). 

On  Kugruk  Blver,  at  the  forks  of  Independence  Creek. 

On  Fifih  River,  5  or  6  miles  above  the  mouth  of  the  Niukluk.^ 

On  Waterfall  Creek.'' 

Most  of  the  galena  discovered  on  the  peninsula  has  been  reported 
to  be  silver-bearing.  The  property  on  Kugruk  River  has  been  ac- 
tively exploited  for  several  years  and  is  the  best-developed  silver- 
lead  prospect  on  the  peninsula.  A  considerable  tonnage  of  high- 
grade  ore  is  reported  to  have  been  mined;  but  no  shipments  have 
been  made.  This  property  has  not  been  visited  by  a  member  of  • 
the  Survey. 

Zinc. — ^The  presence  of  sphalerite  with  galena  at  Mount  Distin 
and  on  Kruzgamepa  River  has  been  referred  to  in,  connection  with 
the  occurrence  of  lead.  Mertie^  reports  zinc  to  be  present  on  the 
ridge  between  Penny  River  and  the  head  of  Oregon  Creek.  The  ore 
consists  of  sphalerite  and  a  little  pyrite  in  a  gangue  of  quartz. 

Iron. — ^Five  groups  of  iron  claims  have  been  staked  on  Cripple 
River.  The  ore  is  mostly  limonite  (pp.  258-261) .  Too  little  develop- 
ment work  has  been  done  to  determine  the  natiire  of  the  occurrence. 
Mertie^*  reports  sulphides  as  present  with  the  ore  at  the  Mogul 
group  of  claims  and  suggests  that  the  iron  may  be  merely  gossan 
material  capping  a  sulphide  vein.  The  Cub  Bear  group  of  claims 
was  visited  by  the  writer.  No  sulphides  were  observed  at  this 
locality.  The  iron  ore  occurs  in  a  zone  perhaps  50  or  100  feet  wide 
and  extending  for  several  thousand  feet  along  the  crest  of  an  anti- 
clinal fold  in  limestone.  A  small  quantity  of  the  ore  is  botryoidal 
limonite,  with  which  some  oxide  of  manganese  occurs.  Most  of  the 
material  is  iron-stained  limestone  and  represents  no  great  concen- 
tration of  the  iron  oxide.  The  observed  structural  relations  strongly 
suggest  that  the  ore  has  been  deposited  from  aqueous  solutions  cir- 
culating along  the  fissured  crest  of  the  fold. 

Platinum. — ^Platinum  is  recovered  from  the  placers  of  Dime  Creek 
incidentally  to  the  mining  of  placer  gold.  The  ratio  of  the  platinum 
to  the  gold  content  of  the  gravels  is  thought  to  be  about  1  ounce  of 
platinum  to  $4,000  in  gold.  Attempts  have  been  made  to  locate  the 
bedrock  source  of  the  platinum,  and  prospectors  have  received  favor- 
able returns  on  some  of  the  material  which  they  have  had  assayed. 
Specimens  of  greenstone  dike  rock  which  were  reported  to  contain  a 
trace  of  platinum  were  submitted  to  the  Geological  Survey,  but 
assays  made  on  this  material  for  the  Survey  by  competent  chemists 

*  Mendenhall,  W.  C,  A  reconnalssanos  of  the  Norton  Bay  raglon,  Alaska:  U.  S.  Oeol.  Survey  Special 
Pub.,  pp.  213-214.  1901. 
»  Mertie,  J.  B.,  Jr.,  op.  dt.  (Bull.  662)i  p.  446. 
■  Idem,  p.  447. 
M  Id«m,  p.  444. 
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have  shown  the  rock  to  contain  no  platinum.  Sulphides  reported  to 
contain  platinum  have  been  referred  to  under  ''  Bismuth."  The  fact 
that  platinum  has  seldom  been  foimd  in  hard  rock  does  not  preclude 
the  possibility  of  finding  it,  but  it  can  not  be  too  strongly  emphasized 
that  platinum  is  an  exceedingly  difficult  element  to  determine 
analytically.  A  platinum  content  is  frequently  reported  when  the 
element  is  not  present.  Prospectors  can  not  afford  to  accept  deter- 
minations by  any  chemist  except  one  who  is  especially  qualified  to 
handle  that  particular  work. 

Antimony. — The  stibnite  that  occurs  in  the  area  examined  is  com- 
monly associated  with  the  later  quartz  veins.  Kidneys  of  stibnite 
accompanied  by  very  little  quartz  have  been  f oimd  along  shear  zones 
in  schist  at  several  localities,  but  the  ore  bodies  have  been  small. 
The  best-known  localities  are  the  Sliscovich  mine,  on  Manila  Creek 
and  the  Hed  &  Strand  mine,  on  Lost  Creek  (pp.  226,  229). 

In  all  the  deposits  observed  the  stibnite  seems  to  have  been  intro- 
duced since  the  formation  of  the  veins.  Apparently  after  the  intru- 
sion of  the  quartz  movement  continued  to  take  place  along  the  vein 
fissures,  and  they  were  reopened  and  the  veins  shattered.  At  some 
localities  the  stibnite  occurs  as  irregular  bodies  between  the  vein  and 
its  schist  wall  and  as  nests  and  stringers  in  the  vein  itself.  In  most 
localities  it  is  present  only  as  veinlets  in  the  quartz. 

The  stibnite  is  usually  accompanied  by  some  pyrite  and  a  variable 
amount  of  contemporaneous  quartz.  In  the  richest  specimens  the 
stibnite  occurs  as  distinct  acicular  crystals,  some  of  which  are  an 
inch  or  more  long,  and  the  quartz  is  present  as  well-formed  but  smaller 
crystals  with  good  terminations.  In  the  lower-grade  bre  the  stibnite 
is  finely  crystalline,  and  quartz  forms  most  of  the  rock.  Gold  is 
present  with  the  stibnite  at  the  Sliscovich  mine  and  at  several  places 
on  Anvil  Creek. 

The  localities  at  which  stibnite  has  been  reported  to  occur  are  as 
foUows: 

SliBCovich  mine,  Manila  Greek. 

Hed  <&  Strand  mine,  Lost  Creek. 

Cold  Creek, 

Di\ide  between  Manila  and  Hobeon  creeks. 

Big  Hurrah  Creek 

Head  of  Waterfall  Cr«ek .» 

Boulder  lode.'^ 

Quartz  Gulch,  tributary  to  Aavil  Creek. 

Winsted  tunnel,  northwest  bank  of  Anvil  Creek  above  Specimen  Gulch. 

Olsen  shaft,  southeast  bank  of  Anvil  Creek  below  Specimen  Gulch. 

Northwest  bank  of  Anvil  Creek  below  Quartz  Gulch. 

Bldge  between  Anvil  and  Glacier  creeks,  southwest  of  Snow  Gulch. 

»  Mertla,  J.  B .,  Jr.,  op.  dt.,  p.  438. 
a  Idem,  p.  440. 
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Lost  Kiver  region.*' 

Head  at  Bonita  Creek,  a  tributary  of  Oeborn  Creek.'' 

California  quartas  lode,  on  Goldbottom  Creek." 

Quartz  veins  o(  the  Solomon-Caaadepaga  region." 

West  side  of  Brooks  Mountain." 

Omalik  mine."  « 

Tin. — ^Lode  tin  is  known  only  in  the  York  district.  Deposits  have 
been  prospected  at  Ears  Mountain,  Lost  River,  Potato  Mountain, 
and  Cape  Mountain.  Cassiterite  occurs  in  quartz  veins,  porphyry 
dikes,  and  contact-metamprphic  deposits  closely  related  to  granite 
bosses.  Development  work  has  been  in  progress  at  the  Lost  River 
locality  for  the  last  three  seasons,  but  no  work  has  been  done  at  the 
other  locaUties  in  recent  years.  The  production  from  the  lodes  has 
been  negligible.  Most  of  the  tin  mined  has  come  front-  the  placers  of 
Buck  and  Grouse  creeks.  The  placers  of  Cape  Moimtain  have  pro- 
duced some  tin  and,  together  with  those  on  the  streams  flowing 
north  from  Potato  Moimtain,  promise  production  for  the  future. 
Tin  has  been  recognized  in  the  placers  of  Humboldt  Creek,  in  the 
Fairhaven  district,  and  Goldbottom  Creek,  in  the  Nome  district. 

Bismuth. — ^Bismuth  has  been  found  at  only  one  locality  on  the 
peninsula,  on  Charley  Creek,  a  tributary  of  Stewart  River  (p.  223), 
where  a  quartz  vein  contains  some  bismuthinite  (bismuth  sulphide). 
The  sidphide  content  of  the  vein  appears  to  be  low,  but  as  almost 
no  work  has  been  done  on  the  property  very  little  of  the  vein  is  ex- 
posed. This  occurrence  has  been  of  especial  interest  because  the 
sulphide  was  reported  to  carry  2  oimces  of  platinum  to  the  ton. 
An  assay  made  on  some  of  the  material  for  the  Geological  Survey  did 
not  show  any  trace  of  platinum. 

^rapAife.— Oraphite-bearing  schists  occur  in  both  the  Nome 
group  and  the  Eagluaik  group.  The  graphite  in  the  schist  of  the 
Nome  group  is  in  a  very  finely  divided  state  and  is  of  no  economic 
interest.  A  belt  of  schist  of  the  Eligluaik  group  in  which  the  graphite 
occiu^  as  flakes  and  in  which  concentrations  of  rather  pure  material 
occur  locally  extends  from  the  head  of  Grand  Central  River  north- 
eastward to  the  vicinity  of  Graphite  Bay,  an  arm  of  Imuruk  Basin. 
Several  shipments  of  selected  material  have  been  made  from  the 
Graphite  Bay  locality  (p.  222). 

Mercury. — Cinnabar  is  a  constituent  of  the  placer  concentrates  in 
the  vicinity  of  Bluff,  at  Koyana  Creek,  and  at  Budd  Creek,  in  the 
Port  Clarence  precinct,  and  has  been  reported  from  other  localities. 
The  source  of  the  material  at  Bluff  is  said  to  have  been  discovered  in 
one  of  the  schist  lodes  of  that  locality,  but  no  details  of  the  occur- 
rence are  known. 

»  Knopf,  Addph,  op.  dt.,  p.  50. 

■  Brooks,  A.  H.,  Antimony  deposits  of  Alssks:  U.  8.  Geol.  Survey  Bull.  640,  pp.  67-^60, 1916. 
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Coal. — ^A  little  co&l  occurs  in  the  Cretaceous  sediments  of  the 
eastern  part  of  the  peninsula.  It  is  lignite  of  fair  quality  and  is  gen- 
erally considered  to  have  about  one-half  the  fuel  value  of  average 
Pacific  coast  coal.  It  is  being  mined  at  present  on  Kugruk  River  and 
has  been  mined  at  Chicago  Creek,  both  in  the  Candle  district.  Thus 
far,  because  of  the  low  grade  of  the  product,  the  high  cost  of  trans- 
portation has  limited  its  use  to  the  vicinity  of  the  mines.  No  great 
tonnage  is  known  to  be  available.  Coal  has  been  found  at  the  fol- 
lowing localities: 

Chicago  Creek,  tributary  to  Kugruk  Biver.*^ 

Kugruk  River  near  Montana  Creek. '^ 

Koyuk  River  near  mouth.'' 

Wilson  Creek,  a  headwater  tributary  of  Kiwalik  River.** 

Hunter  Greek  near  the  mouth  of  the  Buckland." 

THE  IiODE  DEPOSITS. 
BliXTVF  BBQZON. 

The  Bluff  region,  which  has  produced  about  $1,500,000  worth  of 
filacer  gold,  includes  a  small  area  lying  on  the  shores  of  Bering  Sea 
about  50  miles  east  of  Nome.  Its  salient  geologic  f  eatiures  are  simple, 
though  the  details  are  complex,  due  to  folding  and  faulting.  Lime- 
stone is  the  dominating  coimtry  rock  and  occurs  in  a  roughly  tri- 
angular area,  whose  base  is  on  the  coast  and  whose  apex  is  idand. 
This  limestone  appears  to  be  boimded  on  the  inland  side  (fig.  6)  by 
schist  which  here  and  there  contains  some  thin  limestone  beds. 
Some  bands  of  schist  also  occur  within  the  limestone,  and  these  are 
important  to  the  miner  because  they  are  the  loci  of  the  strongest 
mineralization.  These  bands  of  schist  may  in  part  be  altered  igneous 
intrusives,  but  this  is  uncertain.  The  small  valleys  of  the  region  have 
a  gravel  filling,  which  is  nearly  everywhere  auriferous  and  which 
contains  some  workable  gold  placers.  The  gold  placers  of  Daniels 
Creek  and  of  the  adjacent  beach  line  have  furnished  much  thelaiger 
part  of  the  gold  output  of  the  region. 

Placer  gold  was  discovered  at  the  mouth  of  Daniels  Creek  in  1889." 
The  beach  gravels  at  this  locality  were  also  gold  bearing  and  for  a 
distance  of  1,000  feet  are  said  to  have  been  ''probably  the  richest 
deposit  of  this  kind  ever  found  in  the  world."  *"  It  is  estimated  that 
the  pay  streak  must  have  averaged  $150  to  the  cubic  yard.'*    Gold 

MHenahaw,  F.  F.,  Mining  in  the  FairbsTen  precinot:  U.  8.  Geol.  Survey  Bull.  37»,  pp.  mo-m,  19l»; 
MiniDg  in  Seward  Peninsula:  U.S.  Geol.  Survey  Bull.  442,  pp.  368-909, 1910. 
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has  also  been  mined  from  the  creeks  both  east  and  west  of  Daniels 
Creek,  but  lower  Daniels  Creek  and  the  beach  at  its  mouth  have 
proved  to  be  the  attractive  placers  of  the  area. 

Brooks  ^  pointed  out  from  his  study  of  the  placers  in  1906  that 
"  (1)  4he  source  of  the  gold  is  entirely  local;  (2)  where  richest  ♦  *  ♦ 
there  appears  to  have  been  little  sorting  action  by  water;  (3)  the 
gold  is  so  intimately  associated  with  mica  schist  d6bris  that  most 
probably  the  schist  had  a  close  connection  with  its  origin."  He  also 
described  certain  zones  of  mineralized  schist  exposed  in  the  bluffs 
east  of  the  mouth  of  Daniels  Creek. 


E);PLANATI0N 


^  ■>■  I  ■  ■  i 


Sand  and 
gravel 


LnNM 


Limestone 
with  some  bands 
of  schist 


mi 


Schist  with 
some  thin  beda 
of  limeatona 


Gold  placer 


^ 


Gold  lode 


0 


I 


3  MILES 


FiouBB  6.— 0«Qtogk:  sketch  map  of  the  vlciiilty  of  Bluff. 

Several  belts  of  mineralized  mica  schist  have  been  recognized  in 
the  area,  but  those  l]dng  immediately  east  of  Daniels  Creek  appear 
to  be  the  most  persistent  and  the  most  strongly  mineralized.  B^ore 
they  are  described  brief  mention  will  be  made  of  some  other  occur- 
rences of  mineralized  schist. 

There  is  some  evidence  that  Daniels  Creek  itself  may  be  cut  on  one 
of  these  schist  bands,  though  the  nearest  exposed  bedrock  on  both 
sides  is  limestone.  There  is  a  schist  band  in  the  limestone  at  the 
mouth  of  Eoyana  Creek,  and  here  mineralized  zones  have  been  opened 
up  in  a  small  way. 

About  100  yards  west  of  Eoyana  Creek  near  sea  level  an  adit  has 
been  driven  for  30  feet  along  a  quartz  vein  in  a  sheared  zone  in  the 
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schist.  Owing  to  the  timbering  the  relations  and  behavior  of  the 
vein  can  not  be  made  out,  but  at  the  face  an  8-inch  stringer  of  quartz 
of  the  later- vein  type  (p.  173)  is  exposed.  About  a  foot  of  red  iron- 
stained  gougelike  material  occurs  on  the  vein  wall.  Sulphides  occur 
in  the  quartz  of  the  vein  and  in  the  schists  near  the  vein  but  are 
largely  localized  along  the  contact  of  quartz  and  schist.  Pyrite  and 
arsenopyrite  are  abundant  in  the  several  places  exposed,  arsenopyrite 
the  more  plentifully.  The  zone  of  decomposition  that  forms  so 
prominent  a  part  of  the  lode  is  probably  the  result  of  the  decom- 
position of  the  sulphides,  especially  of  those  contained  in  the  schist. 
The  timnel  was  driven  by  David  Lylles,  but  only  assessment  work 
has  been  done  on  the  claim  during  the  last  six  years.  No  informa- 
tion was  obtained  concerning  the  gold  foimd. 

About  50  yards  east  of  Koyana  Creek  along  the  beach  an  adit 
reported  to  be  40  to  60  feet  long  is  driven  in  a  direction  N.  50**  E. 
A  shaft  sunk  from  the  top  of  the  escarpment  to  connect  with  the 
adit  is  said  to  be  75  feet  deep.  At  the  time  of  visit  the  shaft  was 
filled  with  ice  and  water  and  a  snowdrift  covered  the  adit  entrance, 
so  that  neither  could  be  entered.  This  is  known  as  the  Hill  property 
and  ia  now  claimed  by  Brady  Hanson.  Some  ore  was  taken  out, 
but  very  little  has  been  shipped.  The  property  was  last  worked  in 
1910.  Material  on  the  dump  of  the  shaft  is  quartz-mica  schist  and 
quartz-vein  material,  apparently  of  the  later-vein  type. 

A  little  work  has  been  done  on  a  metallized  quartz  vein  on  the 
Bunker  Hill  lode,  on  the  divide  between  Eldorado  Creek  and  Kloker- 
blok  River  near  the  top  of  the  ridge  that  parallels  Eldorado  Creek 
on  the  west  (fig.  6).  It  appears  to  lie  at  or  close  to  the  contact 
between  the  limestones  and  schists. 

The  vein  where  exposed  is  about  5^  feet  wide.  Its  relations  to  the 
country  rock  and  its  strike  are  poorly  exposed  by  two  shallow  trenches 
about  2  feet  deep  and  20  feet  long,  of  which  one  crosscuts  the  vein  and 
the  other  follows  its  strike.  The  vein  strikes  about  N.  5**  E.  and 
appears  to  dip  west  at  an  angle  near  the  vertical.  The  footwall  is 
limestone;  the  hanging  wall  schist.  Where  best  exposed  the  vein 
shows  a  central  portion  of  about  18  inches  of  unmineralized  quartz 
with  a  foot  of  mineralized  quartz  on  the  footwall  and  2^  feet  on  the 
hanging  wall. 

The  vein  is  stained  with  carbonates,  both  azurite  and  malachite, 
and  is  said  to  carry  gold.  An  assay  of  $80  in  gold  to  the  ton  is 
reported  by  the  owner,  but  nothing  is  known  of  the  nature  of  the 
sample.  The  copper  content  is  said  to  be  small.  A  specimen  of  the 
metallized  portion  of  the  vein  shows  chalcopyrite  and  pyrite  in  small 
amounts. 

As  stated  above,  the  deposits  adjacent  to  and  just  east  of  Danieb 
Creek  are  the  most  valuable  of  the  region.     Here  the  mineralized 
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schist  bands  in  the  limestone  were  staked  as  lode  claims  soon  after 
the  Daniels  Creek  placers  were  discovered.  The  original  locators 
have  carried  on  development  work  on  these  claims  in  a  small  way 
for  some  20  years.  Three  lodes  are  recognized  from  Daniels  Creek 
eastward,  the  Sea  Gull,  Idaho,  and  Eskimo  lodes  (fig.  7).  They 
trend  in  a  general  northerly  direction  and  except  where  they  crop  out 
on  the  cliff  face  are  concealed  by  the  tundra  vegetation  and  exposed 
only  by  the  mining  operations.  The  Sea  Gull  and  Idaho  lodes  lie 
parallel  to  each  other;  the  Eskimo  lode  has  the  same  attitude  to  a 
point  2,000  feet  from  the  beach,  where  it  swings  slightly  to  the  west, 
and  at  4,000  feet  from  the  beach  the  interval  between  the  Eskimo 
and  Idaho  lodes  is  reduced  by  about  one-half.  Prospecting  has 
shown  the  lodes  to  be  continuous  but  of  varying  width,  the  width 
increasing  to  the  north  and  in  depth.  Where  explored  at  the  crop- 
pings  on  the  sea  cliff  maximmn  widths  of  60,  165,  and  150  feet  are 
reported  for  the  Sea  Gull,  Idaho,  and  Eskimo  lodes,  respectively. 
At  4,000  feet  from  the  beach  the  widths  are  estimated  from  the 
workings  to  be  100,  200,  and  200  feet,  respectively. 

The  lodes  are  made  up  essentially  of  quartz-mica  schist,  silvery 
gray  where  fresh  and  buff  where  weathered.  Quartz  veins  seem  to 
occur  everywhere  throughout  the  schist  and  range  in  size  from 
stringers  less  than  1  inch  to  well-defined  veins  several  feet  in  width.- 
Exposures  are  not  adequate  to  afford  conclusive  evidence  concerning 
the  disposition  of  the  quartz,  but  the  veins  appear  to  be  somewhat 
concentrated  along  the  margins  of  the  lodes.  The  sulphides  arseno- 
pyrite  and  pyrite  are  recognizable  in  some  of  the  lode  material. 

Four  claims  are  staked  along  the  strike  of  each  of  the  three  lodes, 
extending  from  the  sea  cliff  nearly  to  the  head  of  Daniels  Creek  valley. 
The  most  southerly  claim  on  the  Eskimo  lode  is  held  by  John  Corri- 
gan;  the  remaining  eleven  claims  by  Charles  Megan,  Henry  Megan, 
and  W.  J.  Somerville.  The  schist  zones  have  been  traced  by  pits  and 
shafts  and  are  said  to  contain  gold  wherever  prospected.  Most  of 
the  work  has  been  done  about  three-quarters  of  a  mile  from  the  beach, 
where  fourteen  shafts,  ranging  in  depth  from  30  to  100  feet  and  aggre- 
gating 657  feet  were  pointed  out  to  the  writer.  They  were  distributed 
as  follows:  Sea  Gull,  five  shafts,  240  feet;  Idaho,  six  shafts,  335  feet; 
Eskimo,  three  shafts,  82  feet.  Numerous  pits  and  trenches  have  also 
been  dug  along  the  strike  of  the  lodes,  and  on  the  Idaho  lode  at  the 
beach  145  feet  of  tunnel,  winze,  and  crosscut  work  has  been  done. 
The  approximate  location  and  depth  of  the  workings  are  shown  in 
figure  7.  Mining  has  not  been  carried  to  any  great  depth,  for  several 
reasons.  The  shafts  have  been  sunk  chiefly  for  prospecting  purposes, 
and  it  is  said  that  no  shaft  failed  to  find  gold-bearing  quartz  in  suffi- 
cient quantities  and  rich  enough  to  mine.  The  present  mill  equip- 
ment wiU  handle,  efficiently,  only  the  oxidized  surface  portion  of  the 
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lodes.  There  is  no  timber  in  the  vicinity  of  Bluff,  and  mine  supports 
are  difficult  to  obtain.  As  the  lode  material  is  soft  no  considerable 
depth  can  be  reached  without  danger  from  caving.  Only  the  present 
working  shaft  is  timbered;  all  the  others  are  caved  and  inaccessible. 

The  rock  formations  with  which  the  lode  deposits  are  associated 
are  exposed  on  the  bluff  that  faces  the  sea  just  east  of  Daniels  Creek 
(fig.  7).  Three  formations  are  recognized,  a  dark-blue  carbonaceous 
limestone,  a  gray  limestone  interbedded  with  mica  and  chlorite  schist, 
and  the  quartz-mica  schist  which  forms  the  gold-bearing  lodes.  The 
hthology  of  the  limestones  is  not  uniform  but  shows  variations  which 
are  dependent  largely  upon  structural  relations.  The  limestones  are 
everywhere  marmarized  and  show  massive,  slightly  schistose,  and 
highly  schistose  phases.  The  schist  consists  predominantly  of  quartz 
with  some  micaceous  mineral.  Muscovite  is  the  common  accessory 
constituent,  with  which  usually  occurs  some  chlorite,  and  locally  the 
chlorite  is  in  excess  of  the  muscovite.  The  exposed  schist  is  buff, 
and  the  less  altered  schist  a  silvery  gray.  The  structural  relations 
of  the  formations  as  exposed  on  the  sea  cliff  are  shown  in  figure  7. 

East  of  the  Eskimo  lode  the  carbonaceous  limestone  is  exposed  at 
the  base  of  the  cliff.  About  60  feet  of  the  blue  limestone  is  overlain 
by  100  feet  or  more  of  gray  limestone.  The  contact  is  a  fault  plane 
concordant  with  the  bedding  of  the  limestones,  which  appear  to  be 
conformable.  The  rocks  are  gently  folded  into  a  syncline  that 
pitches  north.  The  blue  limestone  at  the  contact  is  dense,  dark  blue, 
and  platy.  The  rock  contains  abundant  graphite  and  considerable 
muscovite.  Quartz  is  present  in  scattered  grains  that  show  the 
effects  of  strain.  Cordierite  is  also  present  in  small  amounts.  The 
overlying  gray  limestone  is  altered  for  a  distance  of  several  feetfrom 
the  contact  to  a  coarsely  crystalline  marble.  The  limestone  lamina* 
tion  planes  are  marked  by  iron  stain,  which  gives  to  the  cross-fracture 
surfaces  a  blotched  appearance. 

The  syncline  is  terminated  on  the  west  by  a  fault  that  brings  the 
gray  limestone  down  to  form  the  footwall  of  the  Eskimo  lode.  As 
indicated  in  the  sketch  map,  this  is  the  only  occurrence  of  the  gray 
limestone  with  the  mineralized  schists.  The  carbonaceous  limestone 
adjacent  to  the  schist  lodes  usually  shows  a  schistose  structure.  This 
structure  may  be  so  well  developed  as  to  obscure  its  relation  to  the 
limestone,  but  where  traced  away  from  the  lode  the  schistosity 
decreases  until  marmarized  and  slightly  schistose  but  easily  recogniz- 
able limestone  occurs.  The  locus  of  deformation  seems  to  be  the 
Idaho  lode,  as  here  the  folding  and  minor  faulting  and  alteration  of  the 
limestone  is  most  intense. 

Only  the  major  structural  features  are  represented  in  figure  7. 
Many  of  the  features  are  obscured  by  slide  and  made  uncertain  by  the 
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inaccessibility  of  the  cliff  face.  Minor  faulting  and  folding,  or  rather 
shattering  and  crumpling,  is  very  common,  especially  in  the  vicinity 
of  the  lodes.  Small  faults  occur  in  the  blue  limestone  that  do  not 
extend  into  the  gray,  and  vice  Tensa.  Many  of  these  faults  have  a 
low  angle  of  dip  and  swing  off  along  the  bedding  planes.  West  of 
the  Sea  Gull  lode  the  carbonaceous  limestone  is  best  ex|>osed  and  least 
distiirbed.  It  is  fine  textured  and  crystalline  and  occurs  in  beds 
half  an  inch  to  8  inches  in  thickness,  which  strike  N.  21^  W.  and  dip 
30^  W.  It  is  much  jointed  but  broken  in  clean-cut  blocks.  The 
joints  are  fiUed  with  calcite  veinlets,  which  average  less  than  an  inch 
in  width  aad  are  spaced  but  a  few  inches  apart.  About  350  feet  of 
the  formation  is  exposed,  the  base  in  fault  contact  and  the  top  eroded. 

Some  idea  of  the  relations  of  the  lodes  to  the  country  rock  can  be 
obtained  at  the  exposxu-e  on  the  sea  cliff.  The  underground  expo- 
sures show  little,  as  the  development  work  in  the  one  accessible  shaft 
is  confined  to  a  single  quartz  vein  and  does  not  crosscut  the  schist 
body  or  show  the  relations  of  the  schist  to  the  wall  rock. 

Tlie  Eskimo  lode,  the  most  easterly  of  the  three  schist  zones,  is 
about  150  feet  wide.  It  dips  about  70^  W.  and  occurs  in  fault  con- 
tact with  both  footwall  and  hanging  wall.  The  hanging  wall  is 
carbonaceous  limestone;  the  footwall  gray  limestone.  The  sulphide 
mineralization  of  the  schist  was  apparently  concentrated  along  the 
footwall,  where  the  limestone  is  stained  buff  and  the  schist  weathers 
to  a  fine  friable  material  and  is  highly  iron  stained.  Microscopic 
examination  of  the  rocks  at  the  contact  shows  the  schist  to  be  prob- 
ably 98  per  cent  quartz.  It  is  strained,  and  the  crystals  are  elongate 
parallel  to  the  schistosity.  A  little  muscovite  is  the  only  other 
original  constituent  present  in  any  notable  quantity,  although  acces- 
sory zircon  occurs  through  the  quartz.  Calcite  occurs  in  veinlets 
through  the  rock.  The  limestone  is  finely  crystalline,  is  stained  by 
limonite,  and  contains  scattered  cubes  of  pyrite. 

Quartz  veinlets  are  abundant  in  the  schist,  especially  near  the 
margin  of  the  lode.  No  large  or  well-defined  veins  crop  out.  Fresh 
sulphides  were  not  observed. 

The  Idaho  lode  is  exposed  on  the  cliff  top  about  650  feet  west  of 
the  Eskimo  lode.  It  differs  from  the  other  lodes  chiefly  in  its  struc- 
tural relations  with  the  limestone.  The  hanging  wall  is  carbonaceous 
limestone,  which  dips  45®  W.  A  fault  dipping  36*^  W.  forms  the 
contact,  along  which  I  foot  or  more  of  gouge  and  talclike  materinl 
occurs.  The  footwall  is  carbonaceous  limestone,  which  near  the  base 
of  the  cliff  occiu^  in  folded  relations  with  the  schist  of  the  lode.  The 
infolding  of  the  two  formations  is  distinct,  being  outlined  in  minor 
as  well  as  major  folds.    These  relations  are  shown  in  figure  8. 

The  schist  of  the  lode  is  highly  folded  and  crenulated  within  itself. 
Quartz  stringers  occur  through  the  schist  in  great  niunbers  and 
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appear  to  have  been  deformed  with  the  schist,  fts  they  are  badly 
shattered.  The  individual  veins  are  mostly  of  small  size  and  in 
general  concordaot  with  the  schiatosity  of  the  lode  rock.  Along  the 
hanging  wall  the  veins  are  most  abundftnt  and  reach  several  inches 
in  width.  The  fault  contact  (fig.  8),  which  shows  gouge  and  highly 
iron-stained  schist,  appears  to  be  the  best-mineralized  part  of  the 
lode.  The  concentration  of  mineralization  along  the  walls  in  this 
and  the  other  lodes  may  in  places  be  more  apparent  than  real,  being 
due  largely  to  the  fact  that  the  contact  surface  afforded  a  better 
opportunity  for  water  circulation  and  hence  more  complete  decompo- 
sition of  the  sulphides  contained  in  the  schist.  The  gold  content  can 
be  determined  only  by  systematic  assays.  Assays  of  the  Idaho  lode 
are  said  to  show  gold  throughout  the  width  of  the  schist  zone. 
The  tenor  is  very  irregular,  however,  ranging  from  S2  to  $180  a  ton. 


Limestone 


Fiouut  K.— SksLdus  ot  cU9  exposure  of  Idaho  lode,  ibowtnc  relatioa  Dl  mlnerBlited  whist  to  llmealone 

The  highest  values  are  shown  by  the  material  near  the  hanging  wall, 
where  the  quartz  veins  and  sulphides  seem  to  be  best  developed. 

The  lode  is  20  feet  wide  on  the  cliff  top  and  about  50  feet  wide  at 
the  beach,  where,  owing  to  folding,  the  exposure  is  about  165  feet 
wide. 

The  wall  rock  of  the  Idaho  lode  is  a  carbonaceous  limestone  con- 
sisting of  about  90  per  cent  calcite,  5  per  cent  graphite,  4  per  cent 
angular  quartz,  and  1  per  cent  sericite.  Close  to  Uie  lode  it  is  dis- 
tinctly schistose  and  marmarized  and  contains  some  pyrite.  Meta- 
morphism  is  more  noticeable  here  than  in  the  vicinity  of  either  of 
the  other  lodes.  Quartz  is  the  dominating  mineral  of  the  lode  schist, 
and  with  it  occur  chlorite  and  muaoovite,  chlorite  the  more  abun- 
dantly. Accessory  apatite  and  zircon  occur  through  the  quartz. 
Calcite  and  limonite  are  abundant  secondary  constituents.  Polished 
surfaces  of  the  vein  quartz  material  show  very  minute  particles  of 
83963"— -22 13 
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free  gold.  The  sulphide  content  is  not  determinable  at  the  cliff 
exposure,  owing  to  the  extreme  alteration  of  the  more  highly  min- 
eralized portion  of  the  exposed  lode. 

The  Sea  Gull  lode  crops  out  along  the  top  of  the  sea  cliff  about 
250  feet  west  of  the  Idaho  lode.  Exposures  on  the  cliff  face  are 
obscured  by  talus.  The  lode  is  10  feet  wide  at  the  surface  and  is 
said  to  be  60  feet  wide  at  the  beach,  which  is  110  feet  lower  in  eleva- 
tion. The  increase  in  width  is  said  not  to  be  due  to  folding,  like 
that  in  the  Idaho  lode.  Both  hanging  waU  and  footwaU  are  car- 
bonaceous limestone,  which  dips  about  30^  and  45^  W.,  respectively. 
The  lode  dips  about  30^  W.  The  hanging-wall  contact  is  a  fault 
surface,  along  which  movement  is  recorded  by  gouge.  The  f ootwall 
contact  b  not  exposed,  but  the  relations  are  probably  those  of  fault- 
ing. Along  the  hanging  wall  is  exposed  a  zone  of  highly  iron-stained 
schist,  which  is  impregnated  with  quartz  stringers  from  1  to  3  inches 
wide.  It  is  said  that  development  work  along  this  zone  has  exposed 
6  to  8  feet  of  solid  quartz  at  several  places. 

The  limestone  in  which  the  lode  occi^  is  crystalline  and  slightly 
schistose.  The  little-altered  schist  of  the  lode  is  a  gray  silvery  rock, 
containing  considerable  sulphide  both  in  the  quartz  and  in  the  mica- 
ceous portion  of  the  schist.  On  decomposition  it  becomes  buff. 
Microscopic  examination  of  a  specimen  froni  the  hanging-wall  con- 
tact shows  the  presence  of  abundant  kyanite  and  of  sillimanite  in 
very  fine  crystals,  together  with  the  usual  strained  quartz,  musco- 
vite,  chlorite,  and  decomposed  sulphides.  A  polished  surface  of  the 
quartz  veinlet  material  shows  free  gold  in  very  minute  particles. 

Work  was  being  done  at  the  time  of  vi^it  on  the  Idaho  lode  about 
4,000  feet  from  the  beach.  This  was  the  only  working  accessible. 
A  90-foot  shaft  has  been  sunk  on  a  quartz  vein,  and  about  220  feet 
of  drifts  have  been  run  along  its  strike.  The  vein  is  almost  vertical. 
Where  opened  at  the  surface  it  was  8  inches  wide,  but  on  the  80-foot 
level  it  has  a  width  of  7  feet.  As  exposed  the  vein  shows  three  dis- 
tinct types — an  iron-stained  shattered  quartz,  a  green  phase,  and  a 
softer  hematitic  phase.  Where  the  three  types  are  present,  the 
quartz  almost  always  forms  the  central  part  of  the  vein.  The  other 
types  are  less  uniformly  disposed.  The  hematitic  material  tends  to 
localize  along  the  walls,  but  in  places  it  is  confined  to  one  wall.  The 
green  rock  occurs  between  the  hematite  and  the  quartz  or,  if  the 
hematite  is  absent,  next  to  the  wall.  In  several  places  it  was  ob- 
served extending  into  the  quartz,  and  in  one  place  it  is  surrounded 
by  quartz. 

The  quart2?  of  the  vein  is  white  and  opaque  and  shows  columnar 
crystals  oriented  transverse  to  the  vein.  Openings  showing  well- 
terminated  crystals  are  conmion.  The  veins  are  of  the  later-vein 
type  (p.  173).    They  are  badly  shattered,  and  in  the  fractures  agreen 
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chloritic  material  commonly  occurs.  The  green  rock  of  the  vein  is 
composed  chiefly  of  the  chloritic  material,  in  which  occurs  considerable 
of  the  vein  quartz  and  fresh  sulphides,  chiefly  arsenopyrite  and  some 
pyrite.  In  thin  section  the  chloritic  substance  is  pale  yellow,  is 
highly  birefringent,  and  occurs  as  minute  flakes  in  aggregate  struc- 
ture. In  hand  specimen  the  rock  is  deep  green  to  yellowish  green, 
hard,  and  usually  cellular.  The  hematitic  material  is  badly  decom- 
posed quartz  schist.  It  is  soft  and  crumbles  in  the  hand.  The 
unaltered  wall  rock  is-  a  silvery  gray  quartz-mica  schist  in  which 
quartz  is  the  chief  constituent.  The  vein  quartz  is  prominent  even  in 
small  specimens  of  the  schist.  Viewed  as  a  whole  the  wall  rook  is 
schistose;  in  detail  it  is  essentially  quartz.  Next  to  the  veins  it 
breaks  down  readily  and  is  of  buff  color. 

The  vein  is  continuous  so  far  as  followed  but  is  not  constant  in 
width  and  shows  still  greater  variation  in  make-up.  In  some  places 
the  quartz  rock  predominates,  in  others  the  green  rock,  and  near 
the  surface  the  red  oxidized  material  of  the  vein.  The  red  rock  is 
favored  by  the  operators,  because  of  its  high  gold  content  and  also 
because  it  is  free  milling.  The  buff  schist  is  said  to  carry  some  gold 
but  is  not  considered  good  pay.  A  certain  amount  of  it  is  mined 
with  the  vein  material  and  is  milled  as  a  part  of  the  run  of  mine  ore, 
which  is  said  to  have  a  value  of  $5  to  $6  a  ton.  All  the  veins  encoun- 
tered in  the  prospect  shafts  are  said  to  have  been  of  this  general 
t-ype,  varying  in  width  and  in  proportion  of  the  materials.  The 
green  rock  occurs  on  the  Sea  Gull  and  probably  on  the  Eskimo  lode. 
Near  the  surface  some  of  the  veins  are  composed  almost  entirely  of 
red  oxidized  material. 

Prospecting  has  been  confined  to  the  oxidized  zone  of  the  lodes. 
The  sulphide  material  was  nowhere  seen  exposed,  and  its  relations 
could  not  be  determined.  In  specimens  the  relations  are  further 
obscured  by  the  great  amoimt  of  chloritic  material  associated  with 
the  sulphides.  This  chloritic  substance  is  an  infiltration  product 
and  is  clearly  later  than  the  sulphide  and  quartz.  The  freshest  of 
the  quartz  is  cut  by  microscopic  veinlets  of  this  material,  areas  of 
unaltered  arsenopyrite  are  surroimded  by  it,  and  shattered  crystals 
are  seamed  with  it.  From  the  nature  of  the  decomposed  vein 
material  and  from  sinular  occurrences  elsewhere  on  Seward  Peninsula, 
the  sulphides  are  judged  to  be  later  than  the  quartz  veins,  having 
impregnated  the  schist  of  the  vein  walls  and  filled  fractures  in  the 
quartz.  The  decomposed  hematitic  material,  which  is  undoubtedly 
schist  that  has  been  impregnated  by  sulphides  and  weathered,  mills 
free  gold,  but  some  gold  is  not  recovered  on  the  plates,  and  the  gold 
content  is  probably  in  part  base.  Gold  also  occurs  in  the  quartz  of 
the  open-structured  veins,  so  that  more  than  one  period  of  gold 
mineralization  may  be  represented. 
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In  local  usage  the  terms  ''hard  ore"  and  "soft  ore"  are  apphed 
to  the  quartz-vein  material  and  the  schist  country  rock,  respectively. 
Both  the  hard  and  soft  ore  are  reported  to  carry  gold,  but  the  hard 
ore  is  said  to  be  of  higher  grade  than  the  soft.  This  relation  does  not 
necessarily  mean  that  the  schist  and  the  quartz  were  mineralized 
individually,  for  the  quartz  solutions  have  so  squeezed  through  the 
schist  mass  that  the  smallest  openings  have  been  filled,  and  many  of 
the  veinl^ts  are  so  minute  and  occur  in  such  an  attitude  that  they 
would  impart  little  of  their  hardness  or  resistance  to  the  schist  mass 
as  a  whole.  The  quartz  may  still  remain  ihe  gold  carrier,  and  thus 
the  gold  content  of  the  soft  ore  or  schist  may  be  due  to  its  contained 
metallized  quartz  veinlets.  The  larger  veins  have  probably  been 
considerably  enriched  by  the  later  sulphide  mineralization. 

Four  men  were  employed  in  mining  at  the  time  of  the  writer's 
visit.  Dumps  are  taken  out  during  the  winter,  and  the  ore  is  milled 
in  the  summer.  It  is  crushed  to  1-inch  size  in  a  small  jaw  crusher 
and  reduced  to  30-mesh  in  a  CJover  rod  miU.  The  pulp  is  passed 
over  amalgamation  plates  for  gold  recovery  and  then  over  two 
Monarch  tables.  The  tables  effect  a  concentration  of  5  to  1  for  the 
hard  quartz  ore  and  20  to  1  for  the  soft  schist  ore.  The  concentrates 
are  stacked.  The  mill  has  a  rated  capacity  of  40  tons  in  24  hours: 
the  average  run  of  quartz  ore  is  6  to  8  tons  through  30-mesh  in  24 
hours. 

The  lodes  have  not  been  crosscut  in  any  of  the  underground  opera- 
tions. The  importance  of  crosscutting  lodes  of  this  type  is  very 
evident.  From  the  evidence  at  hand  it  seems  reasonable  to  believe 
that  these  zones  contain  one  or  more  roughly  parallel  quartz  veins, 
and  although  a  single  vein  of  low  or  moderate  gold  content  may  not 
prove  to  be  an  attractive  mining  venture,  the  presence  of  a  number 
of  veins  which  would  in  themselves  offer  a  sufficient  tonnage  or  which 
occur  sufficiently  close  to  one  another  to  make  mining  of  the  entire 
schist  and  quartz  body  practicable  might  make  the  lode  a  commercial 
ore  body. 

Concentrates  from  Daniels  Creek  show  scheelite  and  cinnabar,  but 
neither  of  these  minerals  was  observed  to  occur  in  the  mill  concen- 
trates. The  source  of  the  scheelite  is  not  definitely  known,  although 
it  is  probably  present  as  a  minor  constituent  of  the  quartz  veins. 
Veins  of  this  type  carry  scheelite  in  the  Nome  region.  The  cinnabar 
is  said  to  have  been  found  in  place  in  the  Eskimo  lode  associated 
with  the  schist.  The  working  in  which  this  was  discovered  is  now 
caved,  and  the  occurrence  was  not  seen  by  the  writer.  Cinnabar  is 
also  said  to  be  present  in  small  amounts  in  the  Idaho  and  Sea  Gull 
lodes,  and  mercury  is  sometimes  liberated  or  heating  the  miU  pulp. 
It  is  also  known  in  the  placers  of  Eldorado  and  Swede  creeks  but 
has  not  been  traced  to  its  source.     The  fact  that  little  placer  ground 
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has  been  discovered  on  Daniels  Creek  above  the  point  where  the 
lode  system  crosses  its  valley  is  further  evidence  that  these  lodea 
supplied  the  gold  for  the  rich  beach  and  creek  placers. 

SOLOHON  DISTAICTI. 

Placer  gold  is  widely  distributed  in  the  Solomon  River  basin,  about 
30  miles  east  of  Nome,  but  little  very  rich  placer  ground  has  been 
found.  Most  of  the  successful  alluvial  mining  has  been  done  on  the 
large  bodies  of  auriferous  gravel  by  means  of  dre(^e8. 

EXPLANATION 


PiauEi  8.— Geologic  map  ol  put  of  Bolomi 


Smith"  has  mapped  the  region  in  detail,  and  part. of  his  geologic 
map  is  here  reproduced  as  figure  9.  The  Solomon  schist,  as  deterr 
mined  by  Smith,  is  the  oldest  fonnation.  It  consists  essentially  of 
micaceous  and  chloritic  schists,  with  some  lenses  of  limeetone.  This 
formation  is  succeeded  by  tbe  Sowik  limestone,  400  to  1,000  feet  in 
thickness.  Smith  provisionally  assigned  the  Sowik  to  the  Ordovi- 
:  resourfM  o[  (he  Sidoiuoo  and  Cvadtpse*  quadranglei,  S«WBn) 
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dan  ( ?) ,  but  Brooks  now  believes  that  it  may  be  Carboniferous  (p.  1 68) . 
The  Hurrah  slate,  a  still  higher  formation,  is  made  up  of  black  and 
quartzose  slates  and  schists. 

Nearly  all  the  most  promising  lode  prospects  of  the  r^on  are  in 
the  Hurrah  slate.  There  are,  however,  some  quartz  veins  in  the 
Solomon  schist,  and  the  contact  between  this  schist  and  the  over- 
lying limestone  is  a  conomon  locus  of  disseminated  mineralization. 
It  is  a  significant  fact  that  the  gold  of  much  of  the  richest  placer 
ground  of  the  district  has  been  derived  from  the  auriferous  quartz 
veins  of  the  Hurrah  slate.  The  dominating  trend  of  the  lodes  in  this 
slate  is  northwest,  but  some  northeasterly  veins  have  been  found. 
The  veins  are  of  the  later-vein  type  (p.  173)  and,  with  the  exception 
of  one  antimony-bearing  vein  on  Hurrah  Creek,  have  been  explored  for 
their  gold  content.  Sulphides  are  as  a  rule  not  conspicuous  in  ihfi  veins, 
and  the  gold  is  free-milling.  The  sulphides  are  mostly  later  than  the 
veins  and  occur  as  veinlets  in  the  quartz.  Pyrite  is  the  principal 
sulphide  observed  and  the  only  one  seen  to  occur  as  a  contempora- 
neous constituent  of  the  veins.  Pyrrhotite  and  a  little  chalcopyrite 
are  minor  constituents  of  the  sulphide  veinlet  at  one  locality  on  Hur- 
rah Creek,  and  arsenopyrite  occurs  at  the  Alden  prospects,  on  upper 
West  Creek,  in  the  schist  area,  and  at  the  Flynn  prospect,  on  Solomon 
River.  On  West  Creek  arsenopyrite  impregnates  the  schist  country 
rock  in  the  same  association  in  which  it  is  so  conspicuous  in  the 
Nome  region.  At  the  Flynn  prospect  it  is  present  in  a  green  chlo- 
ritic  rock  very  similar  to  the  green  rock  of  the  Bluff  lodes.  The  Big 
Hurrah  quartz  mine,  which  is  the  one  productive  gold  lode  of  Seward 
Peninsula,  is  in  this  district.  It  is  the  only  property  in  the  district 
on  which  any  considerable  development  work  has  been  done. 

As  the  occurrence  of  auriferous  lodes  in  the  Solomon  district,  cut^ 
ting  the  Hurrah  slate,  may  yet  prove  to  be  of  conmiercial  importance, 
some  brief  notes  on  several  prospects  and  on  the  Big  Hurrah  mine 
will  be  presented,  although  the  district,  so  far  as  lode  mining  is  con- 
cerned, b  now  practically  abandoned  and  the  undergroimd  workings 
are  for  the  most  part  inaccessible.  A  further  difficulty  is  presented 
by  the  fact  that  not  even  the  names  of  some  of  the  prospects  de- 
scribed could  be  learned.  They  have,  however,  all  been  marked  on 
the  map  (fig.  9)  by  an  appropriate  symbol  and  can  be  identified  by 
the  descriptions  of  localities  given  in  the  text. 

On  the  south  side  of  Uncle  Sam  Mountain,  near  the  level  of  the 
coastal  plain,  a  shaft  has  been  simk  on  a  quartz  vein  that  cuts  the 
Hurrah  slate.  The  property  has  apparently  not  been  worked  for 
many  years,  and  the  relations  of  the  vein  could  not  be  seen.  The 
shaft  is  full  of  ice  within  16  feet  of  the  surface  and  is  timbered  to 
that  depth.  To  judge  from  material  on  the  dimip  the  vein  was  prob- 
ably 2  or  3  feet  wide  and  from  the  drift  has  a  strike  of  about  N.  40^  £. 
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The  quartz  is  dearly  of  the  later-yem  type,  showing  comb  structure 
and  cavities  lined  with  perfectly  terminated  crystals.  No  sulphides 
are  seen  in  the  quartz,  and  no  fresh  sulphides  in  the  slate  associated 
with  the  quartz  contacts.  Specks  of  limonite  through  the  slate 
probably  indicate  decomposition  of  sulphides  contained  in  it. 

About  300  feet  from  the  top  on  the  so\ith  slope  of  Unde  Sam 
Mountam  a  massive  iron-stained  quartz  ledge,  7  feet  or  more  wide, 
has  been  exposed  by  an  open  cut.  The  vein  strikes  N.  45^  W.  and 
stands  nearly  vertical.  The  outcrop  is  iron  stained,  but  no  sulphides 
were  observed.  The  transition  from  massive  quartz  to  quartz  with 
slate  inclusions  to  slate  with  a  little  quartz  is  observed  and  probably 
indicates  reopening  of  the  vein.  Decomposed  feldspar  is  present  in 
the  vein  quartz  in  small  amounts.  The  wall  rock  is  the  Hurrah  slate. 
Iron-stained  quartz  that  contains  sulphides  occurs  as  drift  near 
the  liead  of  Buena  Vista  Creek,  on  the  east  slope  of  the  vaUey,  at  an 
elevation  of  500  feet.  The  ledge  is  not  exposed.  The  country  rock 
is  the  Hurrah  slate.  The  quartz  is  of  the  later*vein  type  and  shows 
many  original  cavities  into  which  well-terminated  quartz  crystals 
project.  Pyrite  is  abimdant  and  apparently  later  than  the  vein.  It 
fills  cavities  and  coats  quartz  crystals. 

Two  openings  have  been  made  on  quartz  veins  at  the  mouth  of 
Buena  Vista  Creek,  on  the  east  bank.  One  is  now  caved  and  inac- 
cessible; the  other,  a  drift  15  feet  long,  follows  an  8-inch  quartz  vein. 
The  vein  strikes  N.  45°  W.  and  dips  60**  S.  The  wall  rock,  which  is 
black  slate,  strikes  N.  50°  E.  and  dips  45°  N.  The  vein  is  variable 
in  attitude,  here  cutting  the  bedding  of  the  slate,  there  foUowing  it. 
Just  north  of  the  drift  face  the  vein  is  offset  5  feet  by  a  fault  that  has 
followed  the  bedding  of  the  slate.  This  is  a  minor  dislocation  such 
as  is  commonly  observed  to  affect  the  later  quartz  veins.  Ribbon 
rock  was  not  seen  here,  the  vein  walls  being  clean  cut  and  not  affected 
by  the  mineralization.  The  quartz  is  iron  stained  on  fracture  planes 
and  contains  pyrite,  which  occurs  both  as  crystab  through  the  quartz 
and  in  cavities  and  fractures  later  than  the  quartz.  Two  ages  of 
sulphide  mineralization  are  here  apparent. 

Considerable  prospecting  has  been  done  about  half  a  mile  from  the 
mouth  of  an  unnamed  stream  that  enters  Big  Hurrah  Creek  from  the 
north  a  quarter  of  a  mile  below  Little  Hurrah  Creek.  The  workings 
are  now  so  caved  and  slumped  that  no  exposures  of  the  veins  can  be 
seen.  There  are  probably  a  dozen  open  cuts  from  5  to  30  feet  long 
and  3  or  4  feet  deep  and  three  shafts,  now  caved  and  filled  with  water. 
The  coimtry  rock  is  the  Hurrah  slate. 

Quartz  on  the  dump  at  the  main  shaft  is  of  open  texture,  coarsely 
crystalline,  and  clearly  of  the  later-vein  type.  Considerable  sulphide 
occurs  through  the  quartz  in  well-defined  veins,  which  in  places  swell 
to  nests.    Pyrite  and  pyrrhotite  are  the  principal  sulphides.    Some 
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arsenopyrite  is  present,  and  chalcopyrite  is  recognizable  on  a  polished 
surface.  The  gold  content  of  the  vein  is  not  known.  So  far  as  could 
be  observed,  the  vein  is  structurally  different  from  most  of  the  other 
gold  lodes  of  the  district  in  the  absence  of  ribbon  rock,  and  it  is 
mineralogically  different  from  most  of  the  other  sulphide-bearing 
gold  lodes  in  liie  absence  of  arsenopyrite  and  the  presence  of  pyrrho- 
tite  and  chalcopyrite. 

A  vein  of  quartz  has  been  opened  by  a  trench  10  feet  long  and  2i 
feet  deep  on  the  south  bank  of  Big  Hurrah  Creek  about  half  a  mile 
above  the  mouth  of  Little  Hurrah  Creek.  The  trench  is  now  so  filled 
with  wash  that  the  vein  can  not  be  seen.  The  dump  shows  mica 
schist  of  the  Solomon  schist  and  iron-stained  quart?  vein  material, 
including  lenses  of  schist.  The  opening  is  near  the  contact  of  the 
Solomon  schist  and  Hurrah  slate.  The  bedrock  schist  is  a  highly 
quartzose  mica  schist  with  probably  some  chlorite.  The  vein  is  inade 
up  of  large,  well-defined  crystals,  many  of  which  show  good  termina- 
tions and  comb  structure.  Several  reopenings  of  the  vein  are  recorded 
in  one  hand  specimen.  The  schist  at  the  contact  appears  to  be  siUci- 
fied,  and  open  texture  along  the  contact  is  the  rule. 

The  Big  Hurrah  lode  was  discovered  in  1900,  opened  up  in  1903, 
and  then  equipped  with  a  mill  and  operated  on  a  productive  basis 
until  1908.  Since  then  the  property  has  been  idle,  and  at  the  time 
of  the  writer's  visit  the  underground  workings  were  for  the  most  part 
inaccessible.  Smith's  description  ^'  of  this  lode  is  the  primary  source 
of  the  foUowing  notes,  but  they  also  include  some  supplementary 
observations  made  on  the  surface  exposures  and  open  cuts  near  the 
mine.  This  deposit  is  one  of  the  few  auriferous  lodes  on  Seward 
Peninsula  whose  continuity  and  structural  relations  are  known  by 
extensive  underground  openings. 

The  Big  Hurrah  quartz  veins  are  about  the  only  veins  of  any  great 
size  and  proved  ccHitinuity  known  on  Seward  Peninsula.  They  are 
several  feet  in  width  and  are  not  subject  to  the  pinch  and  swell  and 
extreme  irregularity  that  have  been  found  to  be  characteristic  of  most 
of  the  veins  on  the  peninsula.  The  reason  for  the  difference  in  the 
habit  of  these  veins  lies  in  the  character  of  the  country  rock — the 
Hurrah  slate,  a  brittle  rook  that  fractures  readily  and  breaks  along 
sharp,  clean-cut  lines.  These  physical  properties  of  the  slate  are  not 
foimd  in  the  schist  and  limestone  formations  that  form  the  bedrock 
of  most  of  the  peninsula,  and  even  the  limestones  lend  themselves 
less  readily  to  this  form  of  opening. 

The  three  quartz  veins  that  form  the  lode  are  roughly  parallel  in 
strike.  Two  of  them  dip  to  the  southeast  and  the  other  to  the  north- 
west. They  crop  out  on  the  bank  of  Little  Hurrah  Creek,  have  been 
followed  by  underground  workings  for  several  hundred  feet  to  the 

<*Op.dt.,  pp.  143-147. 
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south,  and  are  4  to  8  feet  wide.  Considerable  prospecting  has  been 
done  west  of  Little  Hurrah  Creek  and  north  of  Big  Hurrah  Creek  in 
the  black  slate  area,  in  the  hope  of  finding  the  continuation  of  the 
veins  or  others  equally  favorable  to  mine.  Little  success  has  attended 
such  attempts,  and  to  date  the  veins  are  known  only  within  a  very 
small  area  of  slate  between  the  forks  of  Big  and  Little  Hurrah  creeks. 

The  main  developments  at  the  Big  Hiurrah  mine  have  been  by  means  of  an  incline 
shaft,  which  has  a  general  though  not  constant  slope  of  about  60^.  The  strike  of  the 
veins  is  northwesteriy,  and  the  dip  is  to  the  southwest.  The  upper  portion  of  the  vein 
has  also  been  worked  in  i>art  by  adits  run  in  from  the  outcropping  of  the  vein  on  Little 
Hurrah  Creek.    A  general  plan  of  the  underground  workings  is  shown  in  figure  10. 


too  Peat 
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Figure  lO.—Plan  of  underground  workings  of  Big  Hurrah  mine. 

North  of  the  main  lead  there  is  another  vein  about  50  feet  below  in  the  footwall.  This 
vein,  unlike  the  two  farther  south,  has  a  northwesterly  dip,  although  the  strike  is 
essentially  the  same  as  the  others.^ 

It  was  at  one  time  a  question  with  the  operators  of  the  property 
whether  the  opposite  dipping  lodes  were  two  distinct  veins  or  limbs 
of  an  anticlinal  fold.  There  seems  to  be  no  evidence  to  support  the 
latter  theory,  and  the  general  attitude  of  the  formation  and  its  minor 
structural  features  seem  to  point  to  their  being  two  distinct  veins. 

If  the  underground  conditions  at  the  mine  could  be  studied  or  the 
discoveries  made  during  the  development  work  learned,  considerable 
data  would  probably  be  available  upon  which  to  base  a  conjecture 

«  Smith,  P.  S.,  op.  cit.,  p.  146. 
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concerning  the  probability  of  finding  these  or  similar  veins  beyond 
their  present  known  limits.  As  such  data  are  not  to  be  had,  only 
surface  observations  can  be  made.  Examination  of  the  open-cut 
exposures  is  far  from  satisfactory  but  seems  to  justify  certain  general- 
izations. On  the  east  side  of  Little  Hurrah  Creek  the  slate  is  badly 
fractured  but  not  appreciably  folded.  The  slate  cleavage  here  strikes 
N.  10^  W.  and  dips  45^  S.  Jointing  here  is  the  common  structure; 
it  is  very  pronounced  and  complex.  Joints  traverse  the  slate  in  all 
directions  and  with  dips  extremely  variable  in  direction  and  amount. 
The  f oUowmg  series  was  observed  on  one  face : 

Strike  N.  75*»  W.,  dip  45<>  N.  Strike  N.  75*>  W.,  dip  66^  S. 

N.  25*W.,         65*»E.  N.  80*»W.,         46<»  S. 

N.  40*»  E.,         40^  S. 

Dips  in  the  slate  have  little  significance,  as  they  are  very  local  and 
variable.  Dislocation  along  the  joints  was  probably  accompanied  by 
tilting  of  the  blocks,  so  that  exposures  within  a  few  feet  show  dips  at 
variance. 

On  the  west  side  of  Little  Hurrah  Creek  the  general  attitude  of  the 
slates  is  markedly  different.  Here  folding  rather  than  jointing  is 
the  characteristic  structure,  and  both  gentle  open  folds  and  close 
abrupt  folds  may  be  seen.  Jointing  is  of  course  present,  but  it  is 
not  the  predominant  structure. 

The  most  pronounced  fold  observed  is  exposed  in  a  small  drift 
along  the  creek  bank.  A  quartz  vein  8  inches  wide  conforms  with  the 
fold  and  is  therefore  later  than  the  folding.  The  fold  resembles  a  drag 
fold  along  a  fault.  The  strike  of  the  fold  is  north  and  the  dip  west. 
At  another  locality  30  feet  downstream  a  second  drift  exposes  a 
4-inch  quartz  vein.  The  slate  here  too  is  folded,  and  the  fold  pitches 
west.  The  quartz  vein  is  later  than  the  folding  and  well  illustrates 
the  attitude  and  extreme  irregularity  of  many  of  the  veins  that  have 
not  followed  well-defined  joint  planes. 

Some  evidence  was  obtained  at  this  locality  to  show  that  there  was 
more  than  one  period  of  intrusion  of  the  later  quartz  veins,  separated 
by  a  period  of  slight  deformation.  There  is  also  evidence  of  two  sys- 
tems of  folding — one  comprising  open  folds  whose  axes  strike  east 
and  the  other  comprising  closed  folds  and  faults  that  strike  north. 
What  is  believed  to  be  a  fault  belonging  to  the  northerly  system  fol- 
lows the  course  of  Little  Hurrah  Creek.  Differences  were  noted  in 
the  general  type  of  predominating  structure  on  the  east  and  west 
sides  of  the  creek  and  also  the  presence  of  what  are  probably  drag 
folds  along  the  creek  bank  on  the  west  side.  These  features  denote 
that  the  west  is  the  downthrown  side  of  the  fault.  The  failure  to 
find  an  extension  of  the  lodes  west  of  Little  Hurrah  Creek  may  be 
due  to  this  supposed  fault. 
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Concerning  the  probable  extent  of  the  veins  to  the  southeast  more 
conclusiye  evidence  is  to  be  had.  As  shown  on  the  geologic  map 
(fig.  9)  the  Hurrah  slate  forms  the  country  rook  for  about  1  mile 
south  of  the  mouth  of  Little  Hurrah  Creek  and  a  quarter  of  a  mile 
to  the  east,  where  it  is  in  contact  with  the  Solomon  schist;  such 
relations  in  themselves  indicate  fault  contact.  Pits  dug  along  the 
strike  of  the  veins  to  the  southeast  have  exposed  Solomon  schist  in 
the  area  mapped  as  black  slate.  On  the  basis  of  this  evidence,  the 
veins  can  not  extend  in  black  slate  country  rock  for  more  than  800 
feet,  and  to  judge  from  outcrops  in  the  creek  bank  the  distance  is 
probably  less.  The  favorable  character  of  these  veins  is  so  evidently 
due  to  the  physical  properties  of  the  slate  formation  in  which  they 
occur  that  they  can  not  be  expected  to  continue  into  the  Solomon 
schist  and  persist  in  their  present  form,  for  the  schist  is  decidedly 
less  hospitable  to  vein  formation. 

It  is  not  known  whether  the  faulting  at  the  slate  and  schist  con- 
tact was  earlier  or  later  than  the  intrusion  of  the  quartz  vein.  If 
the  veins  are  older  than  the  faults,  as  the  schist  is  the  older  formation 
and  separated  from  the  slate  by  several  hundred  feet  of  Sowik 
limestone,  the  schist  indicates  a  relative  upward  displacement  of 
400  feet  or  more.  In  this  case  the  slate  with  its  contained  veins  has 
been  removed  by  erosion,  and  its  gold  has  gone  to  supply  the  local 
placers.  If  the  intrusion  of  the  veins  was  later  than  the  faulting 
they  probably  never  existed  in  the  schist  as  the  well-defined  veins 
that  have  been  mined  in  the  slate  area. 

The  ores  of  the  Big  Hurrah  mine  were  free-milling  and  are  said 
to  have  averaged  less  than  $20  a  ton  in  gold.  Ore  of  two  types  was 
mined — quartz-vein  material  and  ribbon  rock — and  the  latter  is 
reported  to  have  yielded  the  better  returns.  Ribbon  rock,  as  the 
term  was  here  used,  included  rock  showing  alternate  roughly  parallel 
laminae  of  quartz  and  slate,  also  slate  cut  in  all  directions  by  many 
small  contemporaneous  veinlets  of  quartz,  which  in  places  formed 
more  than  50  per  cent  of  the  mass.  This  banded  rock  was  probably 
due  to  reopening  of  the  vein  and  repeated  injection  of  quartz.  The 
other  type  probably  represents  shattered  wall  rock  of  the  vein. 
The  veinlets  are  as  a  rule  clean  cut  but  locally  show  curving  and 
ramifying  tendencies.  The  slate  consists  essentially  of  quartz  with 
abundant  graphite,  considerable  white  mica,  and  limonite,  which 
give  to  the  rock  a  very  fine  lamination.  The  ribbon  rock  ranges 
from  quartz  with  occasional  fine  laminae  of  slate  to  slate  with  a 
minor  content  of  quartz. 

The  vein  jrock  is  coarsely  crystalline  vitreous  white  quartz  of  the 
later-vein  type,  showing  cavities  into  which  well-terminated  crystals 
project.  The  small  veinlets  of  the  ribbon  rock  are  of  the  same  open- 
textured  vein  type.    In  some  of  the  veinlets  the  quartz  crystals 
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project  from  one  wall  only;  in  others  the  fissures  are  incompletely 
filled  by  crystals  projecting  from  both  walls.  A  little  white  mica 
is  the  only  other  constituent  of  the  veins  observed  microscopically, 
but  decomposed  feldspar  was  seen  in  some  hand  specimens  and  is 
probably  a  minor  constituent  of  the  vein.  The  quartz  is  strained 
and  in  places  shattered.  Fissures  through  the  quartz  filled  with 
later  quartz  give  further  evidence  of  movement  and  more  than  one 
injection  of  quartz.  Native  gold  can  occasionally  be  seen  in  hand 
specimens.  Microscopically  it  is  seen  to  occur  with  the  quartz  of 
the  vein.  Sulphides  are  almost  absent.  Neither  the  sulphides  of 
the  vein  nor  the  carbon  of  the  schist  were  observed  to  be  associated 
with  the  gold. 

The  Gray  Eagle  claim,  an  antimony  prospect,  is  on  the  north  bank 
of  Big  Hurrah  Creek  about  1  mile  from  Solomon  River.  A  12-foot 
shaft  has  been  simk  and  several  trenches  dug  on  a  4-foot  quartz  vein 
which  carries  stibnite.  The  country  rock  is  the  Hurrah  slate.  The 
workings  are  now  caved,  and  the  vein  is  not  exposed.  No  work  has 
been  done  here  for  five  years.  The  claim  is  owned  by  E.  W.  Quiggley, 
who  reports  the  vein  to  be  4  feet  wide  and  to  strike  about  N.  45^  £. 
and  dip  45^  N.  The  stibnite  is  said  to  occur  throughout  the  width 
of  the  vein.  The  center  of  the  vein  for  a  width  of  1  foot  is  said  to  be 
almost  pure  stibnite,  and  the  sulphide  to  occur  in  nests  through  the 
rest  of  the  vein. 

Specimens  from  the  dump  show  the  ore  to  be  an  intimate  admix- 
ture of  stibnite  and  quartz  crystals  occurring  through  the  quartz  of 
the  vein.  Colunmar  crystals  of  stibnite  an  inch  in  maximum  size 
occur  with  clear,  glassy,  well-terminated  crystals  of  quartz  half  an 
inch  or  less  in  width.  The  quartz  of  the  vein,  which  is  free  from 
stibnite,  is  of  the  open-textured  later-vein  type.  The  material  ex- 
amined did  not  show  definitely  the  relation  of  the  sulphide  to  the 
vein,  but  it  is  probably  later. 

Near  the  top  of  the  hill  northeast  of  the  mouth  of  Big  Hurrah 
Creek  considerable  work  has  been  done  on  the  Flynn  gold  quartz 
vein.  Here  there  is  an  inclined  shaft,  said  to  be  60  feet  deep  but  now 
filled  with  water.  Probably  20  smaller  shafts  and  trenches,  some  of 
which  are  50  feet  long  and  3  to  8  feet  deep,  show  quartz  on  the  dump, 
but  no  vein  is  exposed.  The  country  rock  is  the  Hurrah  slate.  In 
addition  to  quartz,  a  green  mineralized  rock  occurs  on  the  dump  of  a 
shallow  shaft,  now  filled  with  water.  The  rock  is  composed  of  fresh 
arsenopyrite  and  a  very  little  quartz  in  a  mass  of  chloritic  material 
such  as  forms  the  green  rock  of  the  Bluff  lodes.  Much  of  the  quartz 
on  the  .dump  is  of  the  ribbon-rock  type.  It  is  iron  stained,  but  no 
sulphides  were  observed.  The  size,  attitude,  and  relations  of  the 
vein  could  not  be  seen  or  learned,  as  no  one  is  on  the  property  and  no 
work  has  been  done  for  five  years. 
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Two  other  prospects  within  the  basin  of  Solomon  River  but  outside 
of  the  area  included  in  the  map  (fig.  9)  will  be  briefly  mentioned.** 

On  the  first  tributary  to  Solomon  River  from  the  west  below  East  Fork  an  adit  has 
been  driven  on  a  vein  occurring  in  the  black  graphitic  slates.  This  vein  is  located 
along  a  fault  which  has  an  indeterminate  throw  and  is  distinctly  later  than  the  fault. 
The  amount  of  mineralization  is  not  very  great,  although  in  places  the  rocks  are  con- 
siderably iron  stained.  The  adit  is  only  20  feet  long,  and  the  mineralization  becomes 
progressively  less  toward  the  breast,  and  the  amount  of  drag  indicated  by  the  wall 
rocks  also  diminishes.    No  work  has  been  done  at  this  place  for  some  time. 

Several  openings  have  been  made  on  lodes  on  West  Creek,  which 

flows  into  Shovel  Creek,  a  westerly  tributary  of  Solomon  River. 

These  occurrences  are  described  by  Smith  **  as  follows: 

A  series  of  veins  occmring  in  the  chloritic-schist  areas  ttwray  from  any  contacts  with 
other  rocks  has  been  opened  on  West  Creek  2  miles  above  the  mouth.  Some  work  is 
done  here  every  year,  and  there  are  600  or  700  feet  of  underground  workings,  but  the 
mine  has  not  yet  shipped  any  ore.  The  development  is  on  a  north-south  vein,  which 
was  opened  by  an  adit  that  drifted  along  the  vein  for  over  350  feet.  In  this  drift  both 
walls  were  decomposed  chloritic  schist,  which  in  places  showed  marked  slicken- 
siding.  Another  adit  about  300  feet  long  has  been  driven  on  a  vein  farther  west, 
which  shows  the  same  general  character  as  the  first.  A  crosscut  following  a  smaU 
cross  stringer  has  been  run  from  the  eastern  drift.  The  quartz  from  all  the  veins  is 
practicaUy  the  same  in  character.  It  is  white  and  somewhat  shattered  but  is  appar- 
ently not  sheared  nor  folded  and  presumably  belongs  to  the  later  set  of  veins.  In 
addition  to  the  quartz  the  veins  carry  abimdant  chlorite  and  a  small  amount  of  pyrite 
and  marcasite.  The  later  metallic  minerals  occur  in  small  stringers  and  vugs.  The 
wall  rocks  are  also  said  to  be  gold  bearing,  and  the  footwall  schist  is  reported  to  carry 
from  18  to  $10  a  ton  in  gold,  but  no  assays  of  the  rock  have  been  made  by  the  Survey. 

COTTNCIL  DISTBIGT. 

The  Coimcil  district  has  been  a  large  producer  of  placer  gold 
for  20  years.  No  valuable  metalliferous  lodes  have  been  developed 
in  the  district — ^in  fact,  very  few  lodes  have  been  foxmd.  It  appears 
that  a  large  part  of  the  placer  gold  is  derived  from  mineraUzed  zones 
in  which  the  metal  has  not  been  sufficiently  concentrated  to  form 
lodes  of  commercial  value. 

The  rocks  of  the  district  include  limestone  and  schist  of  various 
types  with  a  little  slate.  These  rocks  strike  northeast  and  almost 
invariably  dip  southeast  at  angles  of  25°  to  45°.  A  belt  of  massive 
limestone  forming  the  ridge  west  of  Ophir  £!reek  is  the  only  well- 
defined  unit  of  the  district.  The  bedrock  of  the  rest  of  the  area 
consists  of  schist  and  limestone  in  varying  proportions.  On  the 
accompanying  sketch  map  (fig.  11)  these  rocks  have  been  differ- 
entiated into  a  series  in  which  the  schist  and  limestone  occur  in 
about  equal  proportion,  and  a  series  which  is  largely  schist  with  only 
subordinate  amounts  of  limestone.  The  sequence  of  these  beds,  if 
indeed  they  are  distinct  formations,  has  not  been  established. 

**  Smith,  P.  B.,  op.  dt.,  p.  148. 
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The  lai;ger  features  of  the  geol<^y  are  Dot  complex,  and  the  uni- 
fonn  southeasterly  dip  su^ests  s  simple  monocUoe.  There  are, 
however,  many  shear  zones  in  which  some  of  the  limestone  has  been 
altered  to  calcareous  schist,  so  that  it  is  difficult  if  not  impossible 
to  trace  beds  and  groups  of  beds  for  any  considerable  distance.  It 
is  not  impossible  that  the  apparent  monocline  may  actually  be  an 
OTertumed  fold,  perhaps  accompanied  by  thrust  faults,  though  no 


floDU  11.— QeologtoakMch  map  of  put  of  Council  dlatilct. 

evidence  of  faulting  was  found.  The  map  also  shows  the  approximate 
distribution  of  the  stream  gravels.  Practically  all  these  gravels 
carry  a  little  gold,  but  it  is  only  in  certain  localities  that  these  aurifer- 
ous gravels  are  rich  enough  to  afford  valuable  placers. 

Few  lodes  that  have  encouraged  hard-rock  prospecting  have  been 
discovered  in  the  Council  district.  The  mineralization  of  the  country 
rock  from  which  the  very  rich  placers  of  Ophir  Creek  have  been 
derived  does  not  seem  to  have  been  sufficiently  concentrated  at  any 
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locality  to  fonn  a  lode,  but  rather  the  gold  has  been  disseminated 
throughout  the  bedrock.  Quartz  stringers  and  sulphides  are  very 
common  in  the  schist  and  limestone,  especially  in  the  schist.  The 
quartz  is  known  to  carry  gold,  as  some  of  the  veinlets  are  reported 
to  show  a  gold  content  on  assay  and  quartz  is  frequently  found 
attached  to  gold  in  the  placers.  That  quartz  is  the  only  carrier  of 
gold  in  the  district  has  not  been  proved.  Some  gold  may  occur 
with  the  sulphides,  but  its  presence  has  not  been  demonstrated. 
It  is  perhaps  safe  to  assign  most  if  not  all  of  the  gold  to  the  quartz 
veinlets,  as  the  sulphides  are  almost  entirely  pyrite,  and  the  gold 
that  occurs  with  sulphides  elsewhere  on  the  peninsula  is  associated 
with  arsenopyrite  or  stibnite. 

The  nature  of  the  occurrence  which  would  permit  the  gold  to  be 
so  generally  distributed  throughout  the  coimtry  rock  and  not  tend 
to  produce  lodes  has  been  discussed  by  Brooks,^  who,  from  his 
study  of  the  region,  has  shown  the  gold  to  be  related  to  the  limestone 
and  schist  contacts.  The  behavior  of  the  limestone  and  schist 
series  when  subjected  to  intense  folding  has  been  discussed  on 
page  171.  The  shearing  incident  to  such  folding  is  beUeved  to  have 
supplied  openings  along  the  contacts  of  members  of  the  series  which 
differed  in  resistance  to  shear,  and  these  openings  were  later  filled 
by  quartz  veinlets  that  carried  the  gold  (fig.  12).  The  country 
rock  of  the  Coimcil  district  was  especially  favorable  for  this  mode  of 
occurrence,  either  because  it  comprised  a  series  which  was  originally 
very  heterogeneous  and  which  consequently  offered  a  great  many 
such  contacts  or  because  schist  zones  had  been  developed  within  a 
massive  limestone  as  the  result  of  the  shearing.  There  is  evidence 
that  many  of  the  schist  zones  have  been  derived  from  the  limestone, 
as  the  schist  is  mostly  of  the  calcareous  variety.  All  the  limestone  is 
somewhat  schistose,  and  the  transition  from  sUghtly  schistose  lime- 
stone through  schistose  limestone  to  calcareous  schist  is  frequently 
seen.  West  of  Sweetcake  Creek  and  east  of  Melsing  Creek  the  schist 
is  largely  siUceous  and  limestone  is  not  a  prominent  member  of  the 
series.  (See  diagram,  fig.  12.)  Between  Sweetcake  Creek  and 
Ophir  Creek  and  extending  north  to  Crooked  Creek  is  an  area  which 
is  occupied  chiefly  by  limestone.  Between  Ophir  Creek  and  Melsing 
Creek  schist  and  limestone  alternate.  The  schist  is  largely  cal- 
careous, and  the  limestone  is  rather  schistose.  The  schist  appears 
to  increase  and  the  limestone  to  decrease  in  amoimt  toward  the 
east.  Ophir  Creek,  the  most  productive  creek  of  the  area,  flows 
through  that  part  of  the  series  in  which  the  contacts  are  most 
numerous  and  in  which  quartz  veins  are  most  plentiful.    Guy  Creek, 

«•  BroQk»,  A.  H.,  Tbe  gold  placers  of  parts  of  Sewanl  Peniziaula,  Alaska:  U.  S.  Oeol.  Survey  Bull.  338» 
p.  123, 1907. 
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the  least  productive  creek  of  the  area,  flows  through  the  massive 
limestone  member  of  the  series  and  cuts  only  one  schist  zone. 
Crooked  Creek  and  its  tributaries  are  cut  through  the  limestone 
member  and  into  the  underlying  siliceous  schist,  which  at  its  contact 
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Figure  12.— Diagrammatic  cross  section  from  Sweetcake  Creek  to  Melsiii£  Creek,  showing  distribution 

of  quarts  stringers,  in  part  mineralised,  in  schist  and  luneaiane. 

with  the  massive  limestone  is  impregnated  with  quartz  veinlets. 
Sweetcake  Creek  occupies  a  similar  position  with  respect  to  the 
contact  of  the  siliceous  schist  and  massive  limestone. 


IRON  CBEBK  BEOIOK. 

The  Iron  Creek  region  which  lies  about  35  miles  northeast  of  Nome) 
has  produced  a  good  deal  of  placer  gold,  though  no  very  rich  deposits 
have  been  found.  There  are  also  some  copper  and  galena  prospects 
within  the  district.  The  bedrock  of  the  district  consists  chiefly  of 
schist  broken  by  broad  belts  of  limestone  which  trend  in  a  north- 
westerly direction.  These  features  are  indicated  on  the  accompany- 
ing sketch  map  (%.  13) ,  but  the  details  of  the  geology  are  far  more 
complex  than  is  indicated  by  this  map.  The  limestone  areas  are 
broken  by  bands  of  schist.  On  the  other  hand,  the  areas  mapped  as 
schist  include  feldspathic  and  chloritic  schists,  as  well  as  considerable 
areas  of  black  slate  and  some  bands  of  greenstone,  which  is  of  igneous 
origin.    That  the  placer  gold  is  derived  from  the  schist  and  limestone 
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contacts  is  clearly  indicated  by  their  distribution,  as  shown  on  the 
map. 

Quartz  is  not  a  prominent  constituent  of  the  auriferous  gravels, 
and  quartz  reins  are  not  noticeably  abundant  in  the  country  rock. 
"Die  sulphide  mineralization  was  decidedly  of  the  disseminated  type, 
except  in  the  copper  prospects.  The  relations  of  both  quartz  veinlets 
and  sulphides  to  the  country  rock  are  much  the  same  as  those  ob- 

eXPLANATIDN 


Fieuu  13.— Owlocle  sketch  a»p  ol  Iron  Craak  nglon- 

served  in  the  Council  district,  where  schist  interbedded  with  lime- 
stone and  schist  near  its  contact  with  heavy  limestone  were  the  most 
susceptible  to  shearing  and  the  sheared  zones  offered  the  most  favor- 
able openings  for  the  introduction  of  gold-bearing  solutions.  In  the 
Iron  Creek  region  the  black  slate  seemed  to  have  played  a  part  com- 
parable to  that  taken  by  the  limestone.  Both  ^ate  and  limestone 
have  acted  as  competent  beds,  and  the  schist  adjacent  to  them  shows 
what  concentration  of  mineralization  was  observed. 
63963=— 23 H 
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Although  quartz  does  not  seem  to  be  as  abundant  in  the  schist  of 
Iron  Creek  as  at  other  localities,  considerable  quartz  is  associated 
with  the  copper  minerals  in  the  limestone.  This  quartz  is  not  known 
to  be  gold-bearingi  neither  is  it  known  that  the  copper  and  gold 
mineralization  are  of  the  same  age.  The  younger  quartz  veins,  with 
which  most  of  the  veins  in  the  schist  can  be  safely  correlated,  have 
been  found  by  Smith  ^^  to  cut  silicified  limestone  in  the  Solomon  dis- 
trict, presumably  similar  to  that  which  here  carries  the  copper. 

Benson  Creek  is  an  example  of  a  creek  which  pans  gold  ahnost  to 
its  head.  The  gravels  of  the  lower  part  of  the  creek  have  produced 
rather  well,  probably  because  the  creek  has  reconcentrated  the  bench 
gravels  through  which  it  flows,  but  above  the  influence  of  the  older 
gravels  and  where  creek  gravels  can  hardly  be  said  to  exist  the  loose 
wash  surrounding  boulders  on  the  stream  bed  shows  colors  to  almost 
every  pan.  The  source  of  this  gold  is  probably  the  schist  zones 
which  occur  throughout  the  massive  limestone,  but  proof  is  lacking. 


^  cs 


Schist  Limestone        Greenstone  Adit  Pit 

FiousK  14.— Qeneralixed  sketch  of  exposures  on  east  bank  of  Knugameps  River  at  Wheeler  prospect. 

The  Wheeler  prospect  (fig.  13,  No.  1)  lies  at  the  mouth  of  Iron 
Creek,  and  mine  openings  have  been  made  in  both  sides  of  Eruz- 
gamepa  River.  On  the  east  bank  several  pits  have  been  dug  near 
a  limestone  and  schist  contact,  and  a  short  adit  has  been  driven  to 
cut  the  contact.  Where  not  timbered  the  adit  is  now  filled  with  ice, 
and  almost  no  wall  rock  is  visible  and  no  ore  was  seen  in  place.  The 
section  exposed  along  the  river  bank  near  the  prospect  (fig.  14) 
shows  at  the  north  end  50  to  75  feet  of  blue  marmarized  limestone, 
succeeded  to  the  south  by  40  feet  of  quartz-muscovite  schist,  which 
in  turn  is  succeeded  by  50  feet  of  limestone,  above  which  schist 
occurs.  A  greenstone,  apparently  intrusive,  occurs  at  the  lower 
contact  of  the  upper  limestone  with  the  schist.  The  mineralization 
occurred  along  the  contact  of  the  lower  limestone  and  the  schist. 
The  contact  shows  considerable  deformation,  the  limestone  and 
schist  being  infolded  and  the  limestone  rendered  slightly  schistose. 
The  beds  strike  N.  70°  W.  and  dip  10°  N. 

The  schist  at  the  contact  shows  an  abundance  of  pyrite,  but  the 
limestone  was  only  slightly  mineralized,  if  at  all.  Galena  is  said  to 
have  been  found  in  small  quantities,  both  in  the  schist  and  in  the 


»  Smith,  P.  S.,  op.  dt.  (BoU.  483),  p.  142. 
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limestone.  The  ore  consists  of  finely  crystalline  galena  and  pyrite 
in  a  gangue  of  quartz  and  calcite.  Some  chalcopyrite  is  also  probably 
present,  as  malachite  stain  is  seen  in  places. 

On  the  west  bank  of  the  Eruzgamepa  two  ''kidneys''  of  galena 
have  been  imcovered  in  a  schistose  limestone  near  its  contact  with  a 
chloritic  schist.  One  body  of  ore  has  been  removed;  a  part  of  the 
other  is  still  to  be  seen,  but  its  relations  to  the  inclosing  rock  are 
obscured  by  slide.  The  ore  is  exposed  in  an  open  cut  30  feet  long 
driven  northwest  on  the  river  bank  and  15  feet  above  the  stream. 
A  shaft  said  to  be  22  feet  deep,  simk  in  line  with  the  open  cut,  did 
not  penetrate  the  overlying  schist  and  exposed  nothing  but  barren 
rock. 

The  mineralized  zone  is  typical  of  a  contact  between  limestone 
and  schist  along  which  adjustment  has  occurred.  The  limestone 
forms  the  footwall  and  adjacent  to  the  schist  is  highly  contorted, 
crenulated,  and  closely  folded  with  schist.  The  limestone  itself  has 
become  somewhat  schistose  at  the  contact,  but  the  extreme  deforma- 
tion extends  only  20  feet  into  the  limestone,  and  beyond  this  zone 
it  shows  its  normal  crystalline,  slightly  schistose  character.  This 
zone  seems  to  have  been  a  locus  of  adjustment  in  the  folding  at  this 
locaUty,  as  other  contacts  exposed  along  the  river  bank  show  less 
intense  deformation  of  the  limestone. 

The  ore  is  not  well  exposed  but  seems  to  have  a  lenticular  form. 
The  section  seen  was  only  a  few  feet  in  largest  dimension.  It  seems 
to  lie  entirely  within  the  limestone  and  is  probably  30  feet  or  more 
from  the  contact.  No  schist  was  seen  in  immediate  proximity  to 
the  ore. 

The  ore  consists  of  finely  crystalline  galena  with  a  little  sphalerite 
and  considerable  pyrite  in  a  gangue  of  quartz  and  calcite.  The 
structural  relations  suggest  that  it  may  have  been  formed  by  replace- 
ment. Thin  sections  show  that  the  sulphides  occur  both  in  the 
calcite  and  in  the  quartz  in  replacement  relations,  but  some  hand 
specimens  show  them  as  veinlets  cutting  quartz. 

Mr.  O.  E.  Wheeler,  the  owner,  gives  the  following  assay  returns 
on  samples  of  ore  determined  by  Hoover  &  Strong,  Denver.  It  is 
not  known  how  the  samples  were  taken:  East  side,  lead  22.87  per 
cent,  silver  20  ounces  to  the  ton;  west  side,  lead  14.2  per  cent,  silver 
14.5  ounces  to  the  ton. 

Only  a  small  tonnage  of  ore  is  in  sight.  The  ore  uncovered  has 
been  in  disconnected  masses  along  the  zone  of  shearing  and  offers 
little  encouragement  for  further  prospecting. 

The  copper  prospects  of  the  Iron  Creek  district  have  been  described 
by  Smith.*"    No  commercial  ore  bodies  have  been  found  in  this 

*  Smith,  P.  S.,  U.  S.  Geol.  Survey  Bull.  345,  pp.  343-343, 1906. 
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district,  but  in  view  of  the  mode  of  occurrence  of  the  copper  oros 
the  prospects  will  be  described  in  some  detail. 

The  mineralization  occurred  in  the  limestone  that  forms  the  ridge 
east  of  Iron  Creek.    Mineralized  rock  has  been  found  in  a  number  of 
places  on  the  ridge  between  the  headwaters  of  Benson  and  Penny 
creeks.    Prospecting  has  been  confined  to  very  shallow  surface  work, 
except  at  one  locahty  iidiere  a  90-foot  shaft  has  been  sunk,  and  an 
adit  driven.     (See  fig.  13,  No.  4.)     The  shaft  and  adit  were  not  acces- 
sible at  the  time  of  the  writer's  visit.    Although  the  deposit  has  not 
been  explored  sufficiently  to  determine  definitely  the  nature  of  the 
occcrrence,  some  of  the  features  observed  are  worthy  of  record. 
The  sulphide  minerals,  chiefly  chalcopyrite  and  some  pyrite,  occur 
in  quartz  which  has  replaced  the  limestone  and  wa^  probably  intro- 
duced along  the  bedding  planes  of  the  limestone.    Wherever  observed 
the  mineralized  rock  is  banded,  and  the  banding  is  conformable  with 
and  resembles  in  detail  the  banding  of  the  limestone  with  which  the 
siliceous  rock  is  interbedded.    Adjacent  to  the  replaced  limestone 
the  normally  blue  limestone  is  usually  bleached  to  pale  blue  or  even 
white.    The  bleaching  of  the  limestone  may  produce  a  banding  of 
colors  in  the  unsilicified  and  unmineralized  rock.    In  many  places 
beds  of  limestone  show  bleaching  and  recrystallization  where  no 
mineralization  has  taken*  place.     That  the  bleached  aspect  of  the 
limestone  is  due  in  some  way  to  the  process  of  mineralization  and 
not  to  lithologic  variation  in  the  limestone  itself  is  evident,  as  it  is 
commonly  seen  adjacent  to  the  silicified  limestone  and  it  is  not  con- 
tinuous along  the  strike  of  a  bed.    As  the  quartz  has  probably  been 
introduced  along  the  limestone  bedding  planes  the  ore  bodies  can  be 
expected  to  conform  with  the  structure  of  the  limestone  country  rock, 
but  this  inference  can  be  proved  only  by  underground  exploration, 
though  it  is  supported  by  all  exposures  of  the  silicified  and  of  the 
bleached  limestone  where  unmineralized.    It  is  probable  that  here, 
as  observed  elsewhere  on  Seward  Peninsula,  the  major  adjustment 
in  the  Umestone,  where  it  occurs  interbedded  with  schists  and  has 
been  folded,  has  taken  place  along  its  bedding  planes.     This  adjust- 
ment has  made  the  bedding  planes  the  equivalent  of  fractures  and 
the  easiest  paths  of  circulation  for  later  solutions.     Fractures  trans- 
verse to  the  bedding  must  also  have  formed,  and  exceptions  to  the 
bedded  occurrence  of  the  veins  must  be  expected.    Such  an  excep- 
tion is  seen  near  the  head  of  Penny  River,  but  all  other  exposures 
observed  suggest  strongly  the  bedded  occurrence. 

Shearing  occurred  at  more  than  one  horizon,  and  it  is  practically 
certain  that  more  than  one  horizon  is  represented  by  the  mineralized 
rock  exposed  here.  The  country  rock  is  chiefly  limestone,  inter- 
bedded with  which  occiu"  beds  of  schist  10  to  50  feet  thick.  None 
of  the  exposures  show  positively  the  relations  of  the  shear  zones  to  the 
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schist.  Schist  that  carries  sufficient  malachite  to  class  it  as  an  ore 
occurs,  and  copper-stained  schist  is  common.  Some  specimens  of 
schist  ore  were  seen  to  carry  a  Utile  sulphide.  Although  the  silicified 
limestone  observed  is  interbedded  with  normal  limestone  and  none 
was  seen  at  the  schist  contact,  at  least  some  of  the  openings  were 
probably  near  the  contact. 

The  silicified  rock  is  of  the  replacement  type  that  shows  many  small 
irregtdar  cavities  resulting  from  shrinkage.  Thin  sections  of  the  rock 
indicate  that  replacement  was  complete  and  that  quartz  is  the  only 
gangue  mineral.  The  quartz  is  shattered  and  strained  and  is 
traversed  by  sericite  and  chlorite  in  small  veinlets.  Polished  speci- 
mens show  chalcopyrite  to  be  the  principal  and  in  places  the  only 
sulphide.  It  occurs  in  bands  roughly  parallel  to  the  bedding  of  the 
limestone.  The  bands  of  sulphide  are  usually  one-eighth  inch  or 
less,  rarely  an  inch  in  width.  Limonite  surrounds  and  cuts  the 
sulphides  in  the  surface  ores,  which  are  the  only  ores  available  for 
examination,  so  that  the  original  sulphide  content  and  the  relative 
proportions  of  sulphide  to  quartz  can  not  be  definitely  stated.  The 
fresh  sulphide  observed  occurred  within  5  feet  of  the  surface  and 
where  seen  probably  did  not  form  more  than  a  small  percentage  of 
the  ore.  The  most  characteristic  physical  property  of  the  ore  is  its 
banded  structure,  which  is  due  to  several  factors,  the  sulphides 
occurring  in  the  quartz  and  the  iron  oxide  resulting  from  their  decom- 
position, the  shrinkage  cavities  of  the  quartz,  the  banding  of  the 
replaced  limestone,  and  the  copper  carbonates  that  occur  in  the 
openings  in  the  quartz  and  along  the  former  bedding  surfaces  of  the 
limestone.  All  these  minerals  are  roughly  alined  in  parallel  arrange- 
ment and  concordant  with  the  bedding  of  the  unmineralized  limestone. 

Sulphides  of  copper  are  not  invariably  present  where  there  has  been 
silicification  of  the  limestone.  In  following  one  of  these  croppings 
along  its  dip,  it  may  be  found  that  the  silica  followed  certain  ill- 
defined  channels  along  the  limestone  bedding,  as  a  result  of  which 
it  will  grade  laterally  into  limestone,  also  that  the  sulphide  is  present 
throughout  some  parts  of  the  quartz  rock  and  absent  in  others.  The 
fact  that  it  everywhere  shows  copper  minerals  at  the  surface  is  due 
to  the  presence  of  the  copper  carbonates,  which  will  be  found  to  dis* 
appear  at  depth.  Although  these  suggestions  are  the  least  favor- 
able that  might  be  offered,  they  probably  represent  about  what 
should  be  expected  in  developing  such  deposits.  These  deposits 
appear  to  be  of  the  same  type  as  those  developed  at  Copper  Moun- 
tain, in  the  upper  Grand  Central  basin,  to  be  described  below. 

Malachite  is  the  most  common  of  the  oxidized  ores,  although 
azurite  also  occurs.  Other  secondary  copper  minerals  seem  to  be 
absent.  A  polished  surface  of  chalcopyrite  ore  shows  sulphide  sur- 
rounded and  cut  by  limonite.     Three  types  of  oxidized  ore  occur — 
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schist,  quartz,  and  botryoidal  malachite.  In  the  quartz*muscoTite 
schist  the  malachite  occurs  along  the  cleavage  surfaces  and  has  the 
same  relation  to  the  quartz  as  the  mica.  In  the  siliceous  ore  car- 
bonates occur  as  filamentary  coatings  of  fracture  surfaces,  along 
planes  of  banding,  and  in  open  spaces  through  the  rock.  Some  chal- 
copyrite  is  present  with  the  carbonates.  Crystalline  malachite  in 
radial  structure  with  some  botryoidal  surfaces  forms  the  highest- 
grade  ore  known  to  the  miners.  Iron  oxide  is  an  abundant  constitu- 
ent of  all  the  oxidized  ore. 

The  Wheeler  copper  prospect  (fig.  13,  No.  4)  is  at  the  head  of 
Sherrette  Creek  on  the  east  side  and  near  the  top  of  the  mountain, 
near  the  head  of  Lula  Creek,  the  north  fork  of  Benson  Creek.  The 
development  workings  consist  of  several  small  pits  and  an  adit  200 
feet  long,  driven  S.  50^  W.  to  connect  with  a  90-foot  shaft.  The 
adit  is  now  partly  filled  with  ice  and  completely  frosted  over,  so  that 
no  rock  can  be  seen.  It  was  driven  in  limestone  and  encountered  no 
ore.  The  shaft  was  sunk  on  a  cropping  of  malachite,  which  at  the 
surface  was  8  feet  wide.  At  a  depth  of  25  feet  schist  was  encountered, 
dipping  south.  The  schist  is  stained  by  malachite  and  persisted  in 
the  shaft  to  a  depth  of  60  feet,  where  barren  limestone  was  encoun- 
tered, into  which  the  shaft  penetrated  5  feet.  No  drifting  was  done. 
The  shaft  is  now  filled  with  ice. 

The  only  mineralized  rock  to  be  seen  in  place  occurs  at  the  open 
cut  leading  to  the  coUar  of  the  shaft.  Here  the  limestone  is  closely 
folded,  marmarized,  and  in  places  schistose.  It  was  originally  dark 
blue,  but  has  been  bleached  white  along  certain  zones  and  has  a 
banded  appearance.  Schist  infolded  in  the  limestone  is  stained  with 
malachite  and  contains  some  stringers  of  quartz. 

Assay  returns  on  ore  from  this  property  shipped  to  the  Tacoma 
smelter  are  given  by  Mr.  Wheeler,  as  follows:  The  surface  malachite, 
taken  above  a  depth  of  20  feet  in  the  shaft,  assayed  gold,  none;  silver, 
0.33  ounce  to  the  ton;  copper,  35.68  per  cent;  iron,  7.60  per  cent; 
silica,  15.40  per  cent.  About  8  tons  of  this  material  was  shipped. 
Schist  ore  taken  below  a  depth  of  25  feet  in  the  shaft  assayed  gold, 
1.82  ounces  to  the  ton;  silver,  5.16  ounces  to  the  ton;  copper,  17.18 
per  cent.  About  2^  tons  of  this  ore  was  shipped.  Another  ship- 
ment of  14  tons  was  made,  but  no  assays  of  it  are  available. 

Nothing  can  be  seen  of  the  lode  from  which  this  ore  was  taken,  but 
Smith^*  describes  it  as  a  zone  of  mineralization  5  feet  wide  in  schist. 
It  appears  to  occur  in  a  schist  layer  in  the  limestone.  A  quartz  vein 
striking  north  was  observed  near  this  copper  locality.  The  quartz 
is  iron  stained,  but  no  work  has  been  done  on  it,  so  its  size  and  rela- 
tions are  not  observable  on  the  talus-covered  slope.  Two  open  cuts 
on  the  saddle  at  the  head  of  Benson  Creek  exposed  nothing  but  lime- 
it  Smith,  p.  8.,  U.  8.  Oeol.  Survey  BoU.  345^  pp.  242-243, 1908. 
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stone.  The  limestone  is  blue,  coarsely  crystalline,  and  banded  by 
zones  of  white  marble,  one-quarter  inch  to  3  inches  wide.  It  is 
slightly  schistose  and  badly  fractured.  The  dip  is  almost  vertical. 
A  fault  striking  N.  25^  E.  is  exposed  in  one  pit.  The  limestone  south 
of  the  fault  surface  is  much  shattered. 

Near  the  top  of  the  mountain  at  the  head  of  Benson  Creek,  south 
of  the  saddle  (fig.  13,  No.  3),  a  drift  has  been  made  in  silicified  lime- 
stone, which  shows  copper  metallization.  The  workings,  which  are 
but  8  feet  deep,  give  the  best  exposure  of  the  copper  ore  seen  in  the 
district.    At  the  face  of  the  drift  the  following  section  is  exposed: 

Section  at  face  of  drift  at  head  of  Benson  Creek. 

Feet. 

Blue  limestone 6 

Silicified  limestone  with  no  copper 1^ 

Copper  ore  containing  quartz  and  copper  sulphide  and  carbonate. . .  5 

Limestone 1 

Blue  limestone. 

The  mineralized  rock  is  a  silicified  limestone,  the  bedding  of  which 
is  still  apparent  and  conformable  with  the  overlying  blue  limestone, 
which  strikes  N.  10°  E.  and  dips  5*^-10°  E.  Close  folding  of  the  Hme- 
stone  is  shown  in  the  trench  leading  to  the  pit.  The  face  of  ore  as 
exposed  is  an  alternation  of  roughly  parallel  bands  of  malachite, 
quartz,  sulphides,  and  iron  oxides.  The  layers  of  ore  minerals  are 
discontinuous  and  are  interspersed  throughout  with  quartz,  without 
order  of  succession.  They  vary  from  minute  films  to  layers  half  an 
inch  in  width.  The  sulphide  is  chiefly  chalcopyrite,  which  is  sur- 
rounded by  iron  oxide. 

The  ore  body  seems  to  be  related  to  the  bedding  of  the  limestone. 
It  occurs  with  limestone  on  both  footwall  and  hanging  wall,  and  there 
is  no  indication  of  vein  or  lens  form.  However,  it  has  not  been 
opened  along  the  dip,  and  this  relation  is  not  proved.  No  schist  is 
exposed,  but  the  folded  limestone  seen  in  one  trench  suggests  the  usual 
occurrence  at  the  limestone  and  schist  contact.  The  section  exposed 
along  the  ridge  between  this  locaUty  and  the  shaft  is  made  up  of  lime- 
stone, including  a  few  schist  zones  50  to  100  feet  thick.  The  sulphides 
are  clearly  related  to  the  quartz,  which  was  probably  injected  as  tiny 
veinlets  along  closely  spaced  bedding  shear  zones  and  replaced  the 
adjacent  limestone.  On  the  top  of  the  hill,  half  a  mile  to  the  south, 
four  pits  have  exposed  silicified  limestone,  but  only  a  trace  of  miner- 
alization was  observed.  The  silicification  is  here  clearly  related  to 
shearing  in  the  limestone,  as  no  schist  is  present. 

Three  openings  have  been  made  on  a  copper  cropping  at  the  head  of 
Sherrette  Creek,  on  the  east  side  of  the  ridge  (fig.  13,  No.  5).  The 
pits  are  shallow  and  filled  with  debris,  so  that  no  structural  data  can 
be  obtained.  Mineralized  quartz  and  schist  occur  on  the  dumps. 
The  mineralization  is  of  the  same  type  as  that  in  the  Wheeler  prospect. 
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Two  20-foot  cuts  have  been  made  in  limestone  on  the  west  slope  and 
near  the  top  of  the  ridge,  at  the  head  of  Left  Fork  (fig.  13,  No.  6).  In 
the  more  easterly  one  a  little  quartzrmalachite  ore  is  exposed,  some 
of  which  carries  sulphides.  Little  can  be  seen  of  the  structural  re- 
lations, but  the  ore  appears  to  conform  with  the  bedding.  The  only 
relation  evident  is  that  of  copper  to  quartz.  The  quartz  shows  many 
openings,  some  of  which  are  lined  with  projecting  crystals.  The  cop- 
per carbonate  occurs  chiefly  as  filUngs  of  the  cavities  and  coatings  on 
fractures. 

About  100  feet  northwest  of  these  cuts  a  pit  uncovers  a  quartz  zone 
conformable  with  the  bedding  and  unaltered  limestone.  The  quartz 
is  probably  continuous  with  that  at  the  cuts,  but  here  the  open  texture 
of  the  quartz  is  less  evident  and  almost  no  malachite  is  seen — a  fact 
which  points  to  irregularity  of  mineralizatidn  along  the  quartz  zones, 
dependent  upon  the  texture.  This  statement  applies  to  the  oxidized 
ore  only.  As  is  seen  elsewhere,  the  sulphide  content,  though  irregu- 
lar, is  not  related  to  the  open  texture. 

On  the  point  of  the  hill  near  creek  level,  just  above  the  forks  of 
Left  Fork  (fig.  13,  No.  7)^  an  opening  in  limestone  exposes  carbonate 
ores  of  copper.  Both  azurite  and  malachite  are  present.  The  cut 
is  very  small,  exposing  a  face  of  about  10  by  5  feet,  so  that  few  struc- 
tural data  are  obtainable.  The  limestone  strikes  N.  20^  E.  and 
dips  25^  E.  No  schist  is  exposed.  The  relation  of  quartz  to  lime- 
stone here  is  somewhat  different  from  that  seen  elsewhere.  A  lens- 
like mass  of  quartz  lies  in  general  at  a  slight  inclination  to  the  bed- 
ding of  the  limestone.  Several  small  stringers  and  apophyses  from 
the  lens  cut  the  exposed  face.  The  limestone  and  quartz  contact  is 
in  places  clean-cut,  blue  massive  unaltered  and  unmineralized  lime- 
stone adjoining  the  vein.  Elsewhere  the  limestone  near  the  vein  is 
silicified  and  the  original  banding  preserved.  All  the  copper  min- 
erals seen  are  associated  with  the  quartz  and  are  oxidized.  They 
coat  fractures  and  occur  as  a  drusy  filling  of  cavities  in  the  quartz. 

Although  the  banded  character  shown  by  the  ores  of  the  Wheeler 
copper  prospect  is  evident  in  some  of  the  material  here,  the  relation 
of  the  quartz  is  more  of  the  vein  type.  It  suggests  that  the  quartz 
has  followed  fissures  which  in  general  were  openings  along  beds  of 
limestone  but  in  places  cut  across  the  limestone  bed^.  The  replace- 
ment of  the  limestone  was  incidental  to  the  introduction  of  the  quartz. 
Several  shallow  pits  have  been  made  along  the  ridge  southeast  of  this 
locality.  They  have  exposed  the  typical  quartz  rock,  but  it  shows 
httle  or  no  mineralization. 

Several  open  cuts  have  been  made  on  a  strong  showing  of  the 
quartz  on  the  west  side  of  the  ridge  about  midway  between  the  head- 
waters of  Left  Fork  and  Hardluck  Oeek,  but  there  is  hardly  a  trace 
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of  copper  mineralization.  The  character  of  the  quartz  body  has  not 
changed,  the  open  texture  of  the  quartz  and  the  well-terminated 
crystals  lining  cavities  are  the  same,  and  some  decomposed  sulphide 
is  disseminated  through  the  rock,  but  the  copper  minerals  seem  to 
have  laigely  disappeared.  The  limestone  here  is  shattered  and  almost 
schistose.  It  strikes  N.  30°  W.  and  dips  south.  The  exposures 
show  nothing  of  the  relations  of  the  quartz  and  limestone. 

Just  south  of  the  saddle  between  Shoal  and  Last  Chance  creeks  a 
6  by  8  foot  shaft  10  feet  deep  has  been  sunk  on  an  outcrop  of  quartz 
(fig.  13,  No.  8).  Although  exposed  for  only  a  few -feet  along  the 
strike  it  appears  to  be  a  distinct  vein  and  in  this  respect  is  different 
from  other  exposures.  The  vein  is  5  or  6  feet  wide,  strikes  N.  50° 
W.,  and  dips  west.  The  limestone  100  yards  to  the  east  strikes  N. 
70^  W.  and  dips  20°  S.  At  its  contact  with  the  vein  the  limestone 
is  altered  to  a  calcareous  schist  for  a  width  of  a  few  inches.  Both 
schist  and  limestone  show  a  little  sulphide  mineralization  adjacent 
to  the  vein.  The  quartz  is  mineralized  by  decomposed  sulphides, 
some  of  which  were  probably  chalcopyrite.  Very  little  copper  stain 
is  present,  however,  and  the  vein  is  chiefly  a  slightly  iron-stained 
bull  quartz.  The  silicified  limestone  does  not  occur  here,  the  lime- 
stone being  calcareous  to  the  vein  walls. 

About  200  yards  to  the  south,  at  the  head  of  Penny  Creek,  several 
opexdngs  on  quartz  in  limestone  show  only  very  slight  copper  stain. 
The  exposures  do  not  show  the  relations.  The  copper  almost  dis- 
appears southward  along  the  ridge.  No  further  openings  or  croppings 
were  observed. 

On  the  east  bank  of  Iron  Creek  about  a  nule  above  the  mouth  of 
Bertha  Creek  (fig.  13,  No.  2)  a  small  open  cut  exposes  a  lode  of  the 
type  occurring  on  the  ridge  at  the  head  of  Benson  Creek.  The  mate- 
rial is  sUicified  limestone  containing  a  little  sulphide  and  some  mala- 
chite stain.  The  lode  occurs  in  the  blue  limestone  but  is  poorly 
exposed  and  not  well  defined.    It  is  about  3  feet  wide  where  seen. 

About  200  feet  north  of  this  locality  a  vein  of  coarsely  crystalline 
calcite  has  been  opened.  The  calcite  is  cut  by  veinlets  of  quartz  and 
contains  fresh  pyrite  in  abundance.  Some  pyrite  also  occurs  in  the 
quartz  veinlets.  The  relations  of  the  vein  are  not  exposed.  Both 
schist  and  limestone  occur  on  the  dump  and  suggest  that  the  vein  is 
at  or  near  to  the  contact. 

COPFBB  MOUNTAIN. 

Some  copper-bearing  rock  has  been  found  on  the  two  slopes  of 
Copper  Mountain,  whose  drainage  is  carried  southward  into  Nome 
River  and  northward  into  Kruzgamepa  River.  This  area  lies 
about  25  miles  north  of  Nome.    The  general  features  of  the  geology 
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are  shown  on  the  accompanying  map  {Sg.  15),  which  is  based  on 
MoiBt'3  surrey."  A  broad  belt  of  schist,  locally  including  beds  and 
lenses  of  limestone,  forms  the  country  rock  of  the  mineralized  area. 
To  the  south  the  schist  is  overlain  by  heavy  limestones  which  include 
some  minor  beds  of  schist.  On  Uie  lower  northern  slope  of  the 
mountain  there  is  a  small  area  of  gneissoid  granite,  which  was 
intruded  in  the  schist. 

So  far  as  it  could  be  determined  the  copper  mineralization  was  of 
the  same  type  as  that  on  Iron  Creek,  alremdy  described.  The  zones 
of  mineralization  occur  in  bleached  and  in  places  sihcified  beds  or 
lenses  of  limestone  which  are  interlayered  with  the  schist.     In  these 

CXPLANATIOn 
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zones  sulphides  occur  in  association  with  quartz.  The  quartz  is  of 
open  texture,  and  shows  shrinkage  cavities.  The  most  promineot 
feature  of  the  ore  is  its  banding,  which  is  due  in  part  to  the  preserva- 
tion of  the  original  limestone  bedding  and  in  part  to  the  disposition 
of  the  ore  minerals. 

Microscopic  examination  of  the  bleached  but  apparently  unsihci- 
fled  and  unmetallized  limestone  shows  it  to  be  practically  all  calcite. 
Muscovite  occurs  in  small  amounts  along  bedding  planes.  Veinlets 
of  quartz  that  are  parallel  and  oriented  with  the  micas  are  numerous. 
Angular  crystals  of  quartz  occur  through  the  calcite  and  are  especially 
abundant  near  the  veinlets.    The  relations  of  the  quartz  suggest 
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that  it  was  introduced  along  cleavage  surfaces  and  replaced  the 
limestone.  In  the  silicified  limestone  in  which  copper  sulphides 
occur  the  replacement  is  complete,  and  quartz,  with  a  little  mica, 
forms  the  gangue  of  the  ore. 

Malachite  and  azurite  are  the  most  abundant  ore  minerals,  as  the 
workings  have  been  confined  to  th&  oxidized  zone.  Sulphides  occur, 
however,  within  a  few  feet  of  the  surface.  Pyrite  and  chalcopyrite 
are  about  equally  abimdant.  Galena  is  present  in  small  amounts 
at  one  of  the  shafts  on  Dickens  Creek.  Bomite  is  common  as  an 
associate  of  chalcopyrite  and  in  places  is  the  only  copper  sulphide 
in  the  ore.  The  amount  of  mineralized  rock  that  might  be  classed 
as  ore  and  the  details  of  the  occurrence  of  the  ore  can  not  be  de- 
termined, as  the  workings  are  all  inaccessible. 

The  occiurence  near  the  north  point  of  Copper  Mountain  is  of 
interest  in  that  it  is  one  of  the  two  prospects  in  southern  Seward 
Peninsula  which  are  in  the  vicinity  of  recognizable  intrusive  granite. 
A  small  body  of  sheared  biotite  granite  crops  out  on  the  slope  below 
the  tunnel  (fig.  15).  The  granite  is  rather  finely  crystalline  but 
shows  porphyritic  and  chilled  marginal  phases.  Sinall  dikes  of 
dense  finely  crystalline  light-green  rock  cut  the  mass.  Both  dikes 
and  granite  are  cut  by  later  quartz  veins.  The  contact  is  not  exposed, 
but  blocks  of  limestone  in  contact  with  the  chilled  phase  of  the 
granite  were  seen  as  float.  The  limestone  is  mannarized,  and  pyrite 
occurs  here  and  there  at  the  contact,  but  the  rock  shows  no  other 
evidence  of  metamorphism.  The  granite  is  intruded  in  schist  that 
is  in  contact  with  the  silicified  limestone  in  which  the  mineralization 
occurred.  About  50  feet  of  schist  lies  between  the  granite  outcrop 
and  the  mineralized  zone.  No  direct  relation  between  the  igneous 
rock  and  the  mineralization  was  observed.  The  facts  that  the 
mineralized  zone^  associated  with  uncrushed  quartz  and  that  the 
sheared  granite  is  cut  by  undisturbed  quartz  veins  suggest  that 
movement  affecting  both  the  sedimentary  contacts  and  the  igneous 
intrusive  prepared  the  openings  which  are  now  occupied  by  the 
mineralized  quartz  and  the  quartz  veins,  respectively. 

On  Copper  Creek  about  a  quarter  of  a  mile  above  the  railroad 
several  openings  have  been  made  in  a  limestone  bed  which  shows 
zones  of  alteration  and  some  copper  mineralization.  The  country 
rock  here  is  schist,  with  which  occur  beds  of  limestone  50  to  100 
feet  thick.  A  fall  ia  formed  where  the  creek  crosses  the  contact 
and  affords  an  unusually  good  exposure  of  the  alteration  and 
mineralization  of  the  limestone.  The  limestone,  normally  blue,  » 
bleached  for  a  thickness  of  12  feet  to  white  or  pale  bluish  white.  In 
places  this  alteration  affects  the  rock  in  zones  and  gives  the  lime- 
stone a  banding  parallel  to  the  bedding.  Both  the  bleached  and 
the  unbleached  limestone  are  coarsely  crystalline,  and  some  of  the 


220  MINERAL  RESOUBCES  OF  ALASKA,  1920. 

bleached  rock  resembles  pure  calcite.  Distortion  of  the  lunestone 
along  the  contact  with  the  schist  was  not  observed  at  this  exposure. 
Several  zones  of  schist  a  few  inches  thick  are  interbedded  with  the 
limestone,  but  the  rock  itself  is  massive.  Two  openings  have  been 
made  in  the  altered  zone  at  the  fall.  On  the  west  bank  of  the  creek 
a  10-foot  incline  and  an  8-foot  shaft  have  cut  into  but  not  across 
the  zone.  The  rock  shows  UtUe  silicification  and  no  copper  minerals. 
On  the  east  bank,  200  feet  away  from  the  iBrst  opening,  an  incline 
has  been  driven  on  the  same  zone.  The  limestone  dips  28^  S.,  and 
the  incline  follows  the  dip.  At  the  time  of  visit  ice  filled  the  opening 
within  20  feet  of  the  surface.  The  rock  here  is  banded  blue  and 
white,  and  the  bands  are  from  a  few  inches  to  a  foot  or  more  in 
width.  As  a  whole  it  is  little  silicified,  but  there  are  two  zones  of 
entirely  silicified  rock  conformable  with  the  bedding.  They  are 
3  and  5  inches  wide  and  separated  by  a  foot  or  more  of  unsihcified 
rock.  The  quartz  rock  has  a  banded  character,  due  in  part  to  the 
white  and  blue  colors,  in  part  to  copper  carbonate,  and  in  part  to 
bomite,  which  with  the  carbonate  seems  to  occur  along  former 
planes  of  lamination.  The  mineralized  rock  appears  to  be  the 
result  of  a  replacement  of  limestone  and  the  siliga  to  have  been 
introduced  along  the  bedding  planes. 

The  almost  complete  absence  of  quartz  in  the  western  prospect 
indicates  a  very  erratic  distribution  of  this  mineral.  The  presence 
of  umnineralized  quartz  indicates  further  restriction  of  the  sulphide 
mineralization.  Where  sulphide  minerals  of  this  type  have  been 
observed,  they  occur  in  silicified  portions  of  bleached  limestone. 
The  bleached  limestone,  however,  is  not  everywhere  silicified,  and 
the  quartz  is  not  everywhere  metallized.  The  next  overlying  lime- 
stone shows  only  a  very  little  copper  stain,  although  its  altered  basal 
portion  is  as  prominent  as  the  limestone  just  referred  to.  The  upper 
contact  of  this  bed  of  limestone  is  also  altered,  but  witiiout  being 
silicified,  so  far  as  observed.  There  are  certainly  two  zones  of 
alteration  here,  and  probably  three,  as  no  surface  indications  of 
faulting  can  be  observed. 

The  neighboring  schists  are  highly  mineralized  and  are  cut  by 
veins  of  the  quartz-calcite  type.  One  quartz  vein  2  feet  wide  can 
be  traced  for  a  quarter  of  a  mile  on  the  upper  creek.  The  quartz- 
calcite  veins  show  sulphide  mineralization  both  in  the  quartz  and 
in  the  calcite. 

Work  has  been  done  on  a  similar  copper  showing  on  the  divide 
between  Copper  and  Dickens  creeks.  A  number  of  pits,  trenches, 
and  shallow  shafts  have  been  made  on  a  zone  of  bleached  limestone, 
which  is  as  much  as  300  feet  wide,  is  lenticular  in  outline,  and  extends 
in  a  N.  40^  E.  direction  for  a  distance  of  a  quarter  of  a  mile.  The 
openings  are  now  caved  or  filled  with  water,  and  no  exposures  of 
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ore  in  place  can  be  seen.  Moss  covers  the  saddle  and  hillside,  so 
that  the  stratigraphic  relations  are  obscured,  and  only  mineralized 
rock  from  the  dumps  is  available  for  examination.  Chalcopyrite, 
bomite,  and  pyrite  are  the  most  abundant  sulphides.  Galena  occurs 
in  small  amounts  at  one  shaft.  Azurite  and  malachite  are  present 
with  the  sulphides.  The  sulphide  and  oxide  minerals  occur  in  a 
roughly  parallel  arrangement,  giving  the  ore  a  banded  appearance. 
This  zone  is  too  high  stratigraphically  to  be  correlated  with  the 
zones  of  Copper  Creek.  The  circumscribed  nature  of  this  type  of 
mineralization  is  emphasized  here  by  the  apparent  elliptical  form 
of  the  area  of  altered  limestone. 
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Figure  le.—Map  showing  location  of  graphite  deposits  (■)  in  the  Kighiaik  Mountains. 


DBPOSrrS  IN  THB  KZaLUAIK  MOUNTAINS. 

Graphitic  schists  are  common  in  the  Eigluaik  Mountains,  and  in 
many  places  the  graphite  is  sufficiently  abimdant  to  warrant  their 
investigation  as  possible  Conmiercial  deposits.  Several  himdred 
tons  of  graphite  has  been  mined  on  the  north  slope  of  the  mountains, 
where  commercial  ore  bodies  have  been  developed  on  two  proper- 
ties only  a  few  miles  from  tidewater  at  the  Imuruk  Basin.  (See 
fig.  16.)     Development  work  on  these  two  properties  is  at  present 


222  MINERAIi  RESOUBGES  OF  ALASKA,  1920. 

suspended.  Harrington  ^^  has  described  these  deposits  as  occur- 
ring in  lenses  associated  with  the  schist  and  gneiss  that  form  the 
country  rock  of  the  northern  slope  of  the  Kigluaik  Mountains. 
Such  graphitic  deposits  have  been  traced  for  several  miles  west  of 
Cobblestone  River  on  the  outer  slope  of  the  mountains  and  are 
reported  to  occur  farther  in  the  range.  Considerable  work  has 
been  done  on  the  properties,  but  most  of  the  graphite  shipments 
have  been  made  from  the  eastern  property,  owned  by  the  Alaska 
Graphite  Co.,  which  has  built  a  wagon  road  to  tidewater.  The 
second  group  of  claims  is  owned  by  the  Uncle  Sam  Alaska  Mining 
Co.  The  following  description  of  tiiese  deposits  is  taken  from  Har- 
rington's report: " 

The  leDfleB  of  graphite  occur  in  aaaociatLon  with  quartz  schistB  that  carry  biotite, 
but  gametilerous  BchiatB  that  carry  Bome  calcite  are  aim  locaUy  present.  Some  of 
the  quartz  schists  have  the  appearance  of  beds  of  metamorphosed  sandstone.  Tour- 
maline was  noted  in  small  grains  in  the  graphite  at  one  locality.  Granitic  rocks  appear 
to  make  up  a  portion  of  the  core  of  the  range.  The  general  trend  of  the  schistB  in 
which  the  graphite  occurs  is  a  little  north  of  west  and  the  dip  is  60^-75^  N.  Locally 
there  are  two  or  three  series  of  graphite  lenses  which  are  parallel  in  stzike  and  dip, 
but  it  can  not  be  positively  stated,  without  further  very  detailed  studies,  that  they 
represent  more  than  one  horizon,  which  may  have  been  repeated  by  faulting  or  close 
folding. 

The  topographic  situation  and  nearness  to  water  transportation  have  favored  devel- 
opment work  at  these  deposits,  in  comparison  with  those  which  are  said  to  occur 
for  several  miles  eastward,  extending  along  the  front  of  the  range  beyond  Cobble- 
stone River  and  appearing  on  the  hill  slopes  or  in  the  stream  valleys  which  are  incised 
into  the  range. 

««««««« 

There  appears  to  be  an  opportunity  for  the  development  of  a  large  amoimt  of  graphite 
from  these  deposits.  Transportation  problems  are  relatively  simple.  If  a  suffident 
tonnage  is  mined  aerial  trams,  possibly  of  a  gravity  type,  might  be  used  from  one 
or  both  properties.  For  smaller  tonnage  good  roads  could  be  easily  constructed  for 
team  or  power  haulage,  and  the  power  required  for  hauling  loads  would  be  small  on 
account  of  the  generally  imiform  downhill  slope  to  the  diipping  point.  Graphite 
Bay  affords  a  good  shallow  harbor,  for  numerous  small  coves  and  islands  give  protec- 
tion from  storms. 

If  a  mill  should  be  erected  at  either  property  hydroelectric  instaUations  would 
probably  prove  the  more  economical  for  summer  operations,  power  being  derived  from 
some  of  the  small  streams  which  cross  the  claims.  For  winter  operations  other  power 
would  be  necessary. 

Graphite  deposits  also  occur  south  of  the  crest  line  of  the  TTigliiMk 
Moimtains,  where  they  were  long  ago  found  by  MoflSt,**  but  not  being 
as  accessible  as  those  described  above,  they  have  attracted  but 
little  attention.  Such  deposits  are  found  in  the  upper  part  of  the 
Grand  Central  basin,  where  they  have  an  eastern  trend.    The  best 

•1  Harrington,  O.  L.,  Mineral  resooroes  of  Seward  Peninsula:  XT.  S.  Geol.  Survey  Bull.  662,  pp.  3M466, 
1919. 

*«  Op.  cit.,  pp.  365,  387. 

•>  Mofflt,  F.  H.,  Oeology  of  the  Nome  and  Grand  Central  quadrangles,  Alaska:  XT.  S.  G«oL  Survey  Bull. 
533,  pp.  135-136, 1913. 
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deposit  seen  in  that  region  oocurs  on  the  West  Fork  of  Grand  Central 
River  in  the  schist  which  overlies  the  limestone  forming  Moimt 
Osbom  and  in  which  the  vallej  of  West  Fork  is  out.  This  schist 
probably  belongs  to  an  older  series  than  those  which  are  described 
in  connection  with  the  other  deposits  and  are  confined  to  the  moun- 
tain area.  It  is  essentiallj  a  siliceous  biotite  schist  and  is  intruded 
by  many  ^eous  sills  and  dikes.  In  general  it  strikes  N.  80°  E.  and 
dips  16''-25°    S. 

The  best  exposure  of  the  graphite-bearing  beds  occurs  along  the 
divide  between  West  Fork  of  Grand  Central  River  and  Windy  Creek. 
The  schist  includes  quartz-biotitey  garnet,  and  graphitic  varieties. 
Some  limestone  in  thin  beds  and  numerous  intrusive  sills  and  dikes 
of  granitic  rock  complete  the  section. 

Most  of  the  graphite  occurs  as  small  flakes  disseminated  through 
the  schist.  It  is  locally  segr^ated  in  nests  of  i-inch  size  in  the  rock, 
but  usually  its  distribution  through  the  rock  is  uniform.  At  some 
horizons  the  flakes  of  graphite  are  parallel  and  give  a  schistose 
structure  to  the  rock;  at  others  they  occur  without  uniform  orientation. 
The  richest  of  this  material  is  essentially  quartz-graphite  schist. 
Where  graphite  occius  with  biotite  it  is  not  always  easy  to  distin- 
guish the  two  in  hand  specimens,  and  the  material  appears  to  be  of 
much  better  quality  than  it  really  is.  The  biotite  schist  is  the  most 
prominent  member  of  the  series. 

BZSHXTTH  DEPOSIT. 

A  quartz  vein  containing  a  little  disseminated  bismuth  sulphide 
is  exposed  in  the  stream  channel  of  the  east  fork  of  Charley  Creek, 
a  tributary  from  the  south  to  upper  Stewart  River.  The  deposit 
lies  about  25  miles  due  north  of  Nome.  It  does  not  appear  to  be  of 
conmiercial  value,  so  far  as  can  be  determined  from  the  exposures, 
but  a  description  is  included  here  because  the  occurrence  of  vein 
bismuth  is  unknown  elsewhere  in  the  peninsula.  The  country  rock 
is  schist. 

The  development  workings  consist  of  open  cuts  on  both  sides  of  the 
creek,  which  expose  the  vein  for  a  distance  of  about  50  feet  along  the 
strike  and  10  feet  in  depth.  Two  parallel  quartz  veins  10  and  5  inches 
wide,  striking  N.  80^  W.  and  dipping  50^  N.,  are  separated  by  a  foot  or 
more  of  schist.  The  quartz  is  of  the  open-textured  type  and  shows 
numerous  cavities  lined  with  well-terminated  crystals.  Microscop- 
ically the  vein  is  made  up  of  quartz  with  a  little  white  mica.  The 
veins  have  been  intruded  along  joint  planes  in  the  chloritic  schist 
country  rock,  which  strikes  east  and  dips  30^  S.  The  wall  rock  is 
quartz-muscovite  schist  containing  considerable  chlorite  and  some 
biotite.    A  little  graphite  and  pyrite  are  also  present.    The  veins  can 


224  MINERAL  RESOUBCES  OF  ALASKA^  1920. 

not  be  traced  beyond  the  creek  bottom,  the  valle j  aides  being  coTered 
bj  moss  and  taluQ,  and  thej  are  exposed  here  only  because  the  creek 
has  cut  a  narrow  gorge  in  this  part  of  its  course. 

No  ore  was  seen  in  place.  A  small  quantity  of  mineralized  quartz 
on  the  dump  contains  bismuthinite,  occurring  in  tiny  veinlets  throngfa 
the  rock.  Cross  veinlets  concentrated  here  and  there  form  dark 
patches  in  the  white,  opaque  vein  material.  There  is  no  means  of 
estimating  the  sulphide  content  of  the  vein,  as  the  portion  now 
exposed  was  not  seen  to  contain  any.  The  mineralized  material  on 
the  dump  contains  only  1  or  2  per  cent  of  sulphide,  and  the  metal 
content  of  the  vein  is  probably  very  small.  The  vein  has  been 
reported  to  contain  platinimi  in  considerable  amounts,  but  reliable 
assays  made  for  the  Geological  Surrey  show  no  trace  of  platinum. 

ANTQCONY  DEPOSITS. 

Antimony  in  the  form  of  stibnite  is  rather  widely  distributed  on 
Seward  Peninsula.*^  It  occurs  at  several  localities  in  the  vicinity  of 
Nome,  in  the  Manila-Lost  Creek  area,  described  below,  on  Big 
Hurrah  Creek  in  the  Solomon  district  (p.  204),  in  the  York  district," 
and  at  the  Omalik  mine,  in  Fish  River  basin.^* 

The  deposits  in  the  Manila-Lost  Creek  area  have  thus  far  proved 
to  be  of  the  most  importance.  A  nimiber  of  antimony-bearing 
lodes  have  been  found  in  this  area,  which  lies  about  20  miles  north 
of  Nome.  Here  the  southward  drainage  goes  into  Nome  and  Snake 
rivers,  and  the  northward  drainage  into  Stewart  River.  As  shown 
on  the  accompanying  map  (fig.  17) ,  which  is  based  on  Moffit's  survey, 
the  country  rock  consists  of  a  great  series  of  schists,  with  some 
interbedded  limestone,  which  is  overlain  by  a  heavy  limestone  forma- 
tion that  also  includes  some  beds  of  schist.  These  rocl^  are  cut  bv 
a  few  granite  stocks  and  dikes. 

In  the  vicinity  of  Manila  Creek  a  number  of  antimony-quartz 
lodes,  some  of  which  are  gold-bearing,  have  been  prospected.  At 
the  Hed  &  Strand  mine,  on  Dahl  Gulch,  a  tributary  of  Lost  Creek, 
and  at  the  Sliscovich  mine,  on  Manila  Creek,  considerable  develop, 
ment  work  has  been  done  and  some  antimony  ore  has  been  pro- 
duced. The  Hed  &  Strand  property  has  been  described  by  Mertie," 
and  the  Sliscovich  by  Chapin,^'  Little  or  no  progress  has  been 
made  since  their  visits.  A  number  of  other  prospects  have  exposed 
ore  between  Cold  Creek  and  Manila  Creek  and  on  the  divide  between 
Manila  and  Hobson  creeks,  but  the  workings  are  shallow,  and  except 

M  Brooks,  A.  H.,  Antimony  deposits  of  Aliska:  U.  8.  Geol.  Surrey  Bon.  649,  pp.  50,  fiQ,  1916. 
M  Knopf,  Adolph,  Geology  ot  the  Seward  Peninsula  tin  departs:  U.  S.  OeoL  Surv9j  BaSL  356^  190S. 
M  Smith,  P.  8.,  and  Eakin,  H.  M.,  A  geologic  reconnaissance  in  southeastern  Seward  Peninsala  and 
Norton  Bay-Nulato  region,  Alaslca:  XJ.  S.  Oed.  Survey  Bull.  449,  pp.  131-138, 1911. 
•^  Mertie^  J.  B.,  Jr.,  Placer  mining  on  Seward  Peoinsnla:  U.  8.  Oeol.  Surrey  BoU.  682,  p.  436, 1917. 
M  Chapin,  Theodora,  Lode  development  on  Seward  Peninsula:  U.  8.  Geol.  Survey  BoU.  502,  p.  408,  Uli 


MSTAIXJFEROnS  LODES  IN  ffiWASD  PBNINSUIA,  ALASKA.      225 

for  ore  od  the  dump  show  nothing  conceming  the  occurrence  of  the 
antiniony. 

The  ores  of  this  locality  are  typical  of  most  of  the  uitimony  ores 
of  the  peninsula.  In  the  area  examined  the  stibnite  is  commonly 
associated  with  the  later  quartz  veins.  Kidneys  of  stibnite  accom- 
panied by  very  Httle  quartz  have  been  found  along  shear  zones  in 
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schist  at  the  Boulder  lode  on  Waterfall  Creek  (p.  231),  and  in  the 
Winsted  tunnel  on  Anvil  Creek  (p.  238) ,  but  the  ore  bodies  are  small. 
Where  associated  with  the  quartz  veins  the  stibnite  seems  to  have 
been  introduced  sinco  the  formation  of  the  veins.  Apparently  after 
the  intnuion  of  the  quartz  veins  movement  continued  to  take  place 
along  the  vein  fissures  and  they  were  reopened  and  the  veins  sh^t- 
83963"— 22 16 
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tered.  Antunony-quartz  solutions  were  then  introduced."  At  some 
localities  the  stibnite  occurs  as  irregular  bodies  between  the  vein  and 
its  schist  wall  and  as  nests  and  stringers  in  the  vein  itself,  but  at 
most  localities  it  is  present  only  as  veinlets  m  the  quartz. 

The  stibnite  is  usually  accompanied  by  some  pyrite  and  a  variable 
amount  of  contemporaneous  quartz.  In  the  purest  specimens  the 
stibnite  occurs  as  distinct  acicular  crystals,  some  of  them  an  inch 
or  more  long,  and  the  quartz  is  present  as  well-formed  but  smaller 
crystals  with  good  terminations.  In  the  lower-grade  ore  the  stibnite 
is  finely  crystalline  and  quartz  forms  most  of  the  rock.  Gold  is 
known  to  be  present  with  the  antimony  at  the  SUscovich  mine  and 
at  several  deposits  on  Anvil  Creek. 

The  deposit  at  the  Hed  &  Strand  mine  is  of  special  interest  in 
connection  with  the  genesis  of  the  ores  because  of  its  occurrence  in 
the  inmiediate  vicinity  of  intrusive  granite.  The  granite  is  sheared 
and  resembles  the  sheared  granite  occurring  in  the  mountains  to 
the  north.  It  consists  of  orthoclase  and  a  very  little  plagioclase, 
quartz,  considerable  muscovite,  a  Uttie  biotite,  and  abundant  chlo- 
rite. Magnetite,  zircon,  apatite,  and  titanite  are  present  as  acces- 
sories. The  texture  is  granitic,  medium  coarse,  and  uniformly  crys- 
talline. The  contact  is  nowhere  exposed,  but  prospect  pits  near  the 
contact  expose  altered  limestone  and  in  one  place  a  litUe  antimony. 

In  one  pit  within  100  yards  of  the  contact  the  Umestone  is  altered 
to  a  dense  light-green  rock  composed  of  epidote,  cordierite,  quartz, 
muscovite,  and  calcite.  On  the  divide  between  Dahl  Gulch  and 
Dorothy  Creek  a  pit  near  the  contact  exposes  a  similar  rock,  but  it 
contains  amphibole.  In  some  specimens  the  amphibole  forms  50 
per  cent  of  the  rock  and  occurs  in  crystals  half  an  inch  in  length. 
Microscopically  the  rock  is  composed  of  green  hornblende,  epidote, 
zoisite,  cordierite,  muscovite,  quartz,  zircon,  titanite,  and  calcite. 
Neither  of  these  rocks,  which  appear  to  be  products  of  contact 
metamorphism,  contains  any  stibnite,  although  some  p3rrite  is  present. 
In  another  pit,  within  100  feet  of  the  contact,  the  limestone  is  bleached 
and  coarsely  crystalline.  The  altered  limestone  is  partly  replaced 
by  quartz.  Stibnite  occurs  in  veinlets  of  one-quarter  inch  to  micro- 
scopic size,  cutting  both  calcite  and  quartz  of  the  altered  rock. 
Pyrite  is  abimdant,  and  malachite  is  present  in  small  amount.  Both 
occur  in  or  coating  fractures.  Calcite  veins  are  numerous  in  the 
limestone,  and  one  vein  was  seen  to  contain  a  crystal  of  stibnite  1 
inch  long. 

Although  the  data  obtainable  do  not  afford  definite  proof,  it  is 
probable  that  the  epidotized  limestone  is  the  result  of  contact  met- 
amorphism. It  is  not  certain,  however,  that  the  stibnite  is  in  any 
way  related  to  the  granite.    Stibnite  is  not  seen  to  occur  with  the 

M  This  interpretaUcoi  of  tbe  taeia  has  already  been  made  by  Brooks  (BoU.  449,  p.  52, 19U). 
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contact  rock.  It  is  present  with  the  silicified  limestone  but  is  of 
later  origin  than  the  alteration  of  that  rock.  It  is  probable  that 
an  opening  was  formed  at  the  granite  contact,  along  which  the  stib- 
nite  solutions  entered.  Further  evidence  that  the  antimony  mineral- 
ization was  not  related  to  the  granite  is  found  in  the  structural  rela- 
tions. The  granite  has  been  badly  sheared.  The  age  of  greatest 
movement  in  the  rocks  of  the  region  antedated  the  formation  of  the 
quartz  veins,  later  movement  shattered  these  veins,  and  the  stibnite 
was  then  introduced.  Some  movement  has  occiured  along  the  veins 
since  that  time,  but  it  has  probably  been  slight,  as  even  the  soft 
stibnite  ore  has  been  little  affected  by  it.  The  time  of  antimony 
mineralization  would  therefore  seem  to  be  much  later  than  the  intru- 
sion of  the  granite. 

The  structural  features  observed  in  the  Sliscovich  and  Hed  & 
Strand  tunnels,  as  well  as  the  strike  of  these  two  well-defined  lodes, 
indicate  a  parallelism  with  the  dominating  structure  of  the  Kigluaik 
Mountains  to  the  north.  These  features  are  probably  related  to  the 
later  deformation  of  the  Eligluaik  rocks.  The  smaller  features  of 
this  period  of  folding  probably  determined  the  openings  along  which 
antimony  mineralization  took  place. 

The  Hed  &  Strand  antimony  mine  is  on  Dahl  Gulch,  a  tributary  of 
Lost  Creek,  which  empties  into  Stewart  River  (fig.  17).  A  250-foot 
tunnel  has  been  driven  near  creek  level  in  a  direction  S.  40®  E. 
Drifts  have  been  run  145  feet  southwest  and  520  feet  northeast  along 
the  main  vein,  which  is  intersected  90  feet  from  the  entry.  At  200 
feet  from  the  entry  a  drift  has  been  run  190  feet  northeast.  A  winze 
has  been  sunk  in  the  tunnel  60  feet  from  the  entry,  and  a  raise  driven 
from  the  620-foot  drift.  Some  stopii^  has  been  done  on  the  vein, 
and  numerous  surface  pits  and  trenches  have  been  dug  in  the  vicinity 
of  the  mine.  Shipments  of  ore  were  made  in  1915  and  1916,  totaling 
106  tons,  and  a  few  tons  remain  on  the  diunp. 

At  the  time  of  the  writer's  visit  Uttle  could  be  seen  of  the  ore  rela- 
tions. Stibnite  has  been  mined  only  from  the  main  vein,  where  it 
occurred  in  shoots.  The  shoots  encountered  by  the  present  workings 
have  been  stoped  out,  so  that  only  the  least  productive  part  of  the 
vein  is  now  exposed.  The  vein  strikes  N.  65®  E.  and  dips  50®  NW. 
According  to  Mertie,""  the  vein  where  intersected  by  the  tunnel  was 
4  feet  thick  and  consisted  of  white  quartz  and  stibnite.  The  stibnite 
occurred  as  a  body  2  feet  thick  along  the  footwall.  As  exposed 
along  the  drift  the  vein  shows  repeated  pinch  and  swell.  Where  not 
stoped  the  vein  is  present  only  as  a  thin  stringer  and  in  places  seems  to 
disappear  entirely.  Near  the  end  of  the  northeast  drift  the  quartz 
has  a  gray  color,  due  to  finely  crystalline  stibnite,  occurring  in  tiny 
veinlets  through  it.    Elsewhere  it  contains  only  pyrite  in  veinlets. 

•  llertto.  J.  B.,  Jr.,  Placer  minliig  on  Seward  Peniiisala:  V.  8.  OeoL  Survey  Boll.  062,  p.  437, 1917. 
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At  the  end  of  the  northeast  drift  a  2-mch  quartz  vein  intersects  the 
drift  at  an  angle  near  90^.  An  eighth  of  an  inch  of  pyrite  occurs 
between  the  quartz  and  the  wall  rock.  Specimens  of  massive  ar- 
senopyrite,  said  to  come  from  this  locality,  were  shown  to  the  writer 
and  are  reported  to  be  sUver-bearing.  lliis  veinlet  does  not  seem  to 
be  related  to  the  main  vein.  In  the  southwest  drift  near  the  adit  a 
small  amount  of  ore  remains  at  the  edge  of  a  stope.  Two  types  of 
ore  are  present — quartz  vein  material  cut  by  yeinlets  of  stibnite  aad 
acicular  stibnite  including  crystals  of  quartz.  The  quartz  is  here 
frozen  to  the  footwall  and  is  2  inches  thick;  1  inch  of  gouge  separates 
the  quartz  from  1  inch  of  stibnite,  and  3  inches  of  gouge  occurs  be- 
tween the  stibnite  and  the  hanging  wall.  The  stibnite  is  evidently 
later  than  the  quartz  vein  and  has  been  introduced  along  the  hanging 
wall,  filling  fractures  in  the  quartz  vein  and  occupying  open  spaces 
between  the  vein  and  the  hanging  wall.  Later  movement  along  the 
vein  has  broken  the  contacts  between  the  quartz  and  stibnite  and 
between  the  stibnite  and  the  hanging  wall. 

The  wall  rock  is  chlorite  schist,  and  the  hanging  wall  is  eveiy- 
where  slickensided.  At  the  end  of  the  southwest  drift  the  footwall 
is  altered  to  sericite  schist  and  is  highly  mineralized  by  pyrite.  This 
alteration  was  not  seen  to  be  common. 

The  drift  running  northeast  at  200  feet  from  the  entry  exposes 
little.  It  follows  a  stringer  of  qu^tz  one-fourth  inch  to  4  inches 
wide.  The  walls  are  slickensided  and  in  places  show  gouge.  No 
antimony  was  seen.  At  30  feet  from  the  adit  the  drift  intersects  an 
8-inch  quartz  vein,  which  is  offset  2  feet  in  crossing  the  drift. 

A  zone  of  antimony-quartz  mineralization  appears  to  extend  from 
the  divide  between  Hobson  and  Manila  creeks  to  Cold  Creek.  The 
relations  of  the  lodes  to  the  geology  can  be  made  out  only  at  the 
Sliscovich  mine,  for  little  can  be  learned  from  the  surface.  The 
steep  slopes  are  covered  with  coarse  talus  of  chlorite  and  feldspar 
schist;  tJie  gentle  slopes  with  moss.  Quartz  float  is  abimdant 
through  the  talus,  and  a  number  of  veins  are  probably  represented. 

At  the  head  of  the  ri^ht  fork  of  Manila  Creek  a  quartz  vein  not 
fully  exposed  but  apparently  several  feet  wide  strikes  S.  80^  E.  and 
dips  40^  S.  It  was  located  by  Joe  Sliscovich  as  a  quartz  lode.  No 
evidence  of  mineralization  was  observed,  and  almost  no  work  has 
been  done  on  the  property. 

Just  east  of  this  exposure,  along  the  strike  of  the  vein,  several 
pits  have  exposed  quartz  which  shows  mineralization  and  structure 
similar  to  those  of  the  copper  ore  of  Iron  Creek  and  Copper  Mountain. 
It  is  an  open-textured  banded  quartz  rock  which  contains  abundant 
sulphide,  chiefly  pyrite,  and  some  malachite  stain.  The  source  of 
this  material  is  not  clear.    It  is  not  exposed  well  enough  to  indicate 
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whether  it  is  a  vein  or  rock  in  place.  Its  isolated  occurrence  suggests 
that  it  might  be  a  drift  boulder  derived  from  the  ridge  above. 

The  ridge  at  the  head  of  the  right  fork  of  Manila  Creek  consists  of 
limestone  underlain  by  dchist.  Several  pits  along  the  contact  zone 
expose  bleached  limestone  and  in  places  a  calcareous  muscovite 
schist  stained  by  malachite.  The  copper  stain  is  associated  with  the 
mica,  and  the  rock  is  similar  to  the  schist  ore  of  Iron  Creek.  The 
quartz  rock  referred  to  above  may  have  originated  along  this  con- 
tact, although  the  bleached  limestone  exposed  at  the  contact  is  not 
noticeably  silicified  or  metallized. 

A  hundred  yards  southeast  of  the  copper-stained  rock  on  the  ridge 
several  openings  have  been  made  on  antimony  ore.  The  veins  were 
not  exposed  at  the  time  of  visit,  but  ore  on  the  dump  shows  that  the 
mineralization  was  essentially  the  same  as  at  the  Hed  &  Strand  mine, 
the  rock  consisting  of  quartz  cut  by  veinlets  of  stibnite.  The  country 
rock  is  chlorite  schist. 

The  Sliscovich  antimony-gold  mine  is  near  the  head  of  Manila 
Creek  (fig.  17).  Details  of  the  occurrence  are  reported  as  follows  by 
Chapin,*^  who  visited  the  property  in  1013: 

This  property  was  staked  in  1905.  The  vein,  which  strikes  N.  60^  E.  and  dips  45^ 
XW.,  was  traced  on  the  surface  for  over  half  a  mile,  nearly  across  the  basin  of  Manila 
Creek.  Besides  a  number  of  prospect  pits  two  openings  have  been  made  to  develop 
the  lode.  A  short  distance  below  the  point  of  discovery  a  50-foot  adit  was  driven  to 
CFoescut  the  lode,  but  no  further  work  was  done  at  this  place.  The  main  opening  is 
at  an  elevation  100  feet  lower.  There  an  adit  was  driven  315  feet  to  the  lode,  which 
was  opened  by  an  inclined  shaft  for  100  feet. 

The  lode  is  composed  essentially  of  dull,  opaque  quartz  and  stibnite,  the  sulphide  of 
antimony,  in  approximately  equal  amounts,  althougji  slight  variations  in  the  propor* 
tions  of  the  two  minerals  appear  from  place  to  place.  Near  the  surface  the  antimony 
predominates,  and  in  places  nearly  pure  stibnite  occurs  in  small  bunches.  A  nuifiber 
of  assays  and  analyses  have  been  made  on  samples  of  the  ore,  all  of  which  show  rather 
constant  antimony,  gold,  and  silver.  An  analysis  made  on  a  small  shipment  of  ore 
said  by  the  owners  to  have  been  obtainect  by  accurate  sampling  of  the  vein  was  sub- 
mitted for  chemical  determination  and  showed  the  foUowing: 

Gold  and  silver  not  published. 

Antimony  (Sb) 35.05 

Sulphur  (8) 13.79 

Silica  (SiO,) 48.80 

Molybdenum  (Mo) None 

QuflJitative  arsenic  (As) None 

Wet  lead Trace 

97.64 
lime  and  magnesia  present  but  not  determined  quantitatively. 

No  development  work  has  been  done  on  the  property  since  Chapin's 
visit.  In  1915  the  high  price  of  antimony  induced  the  mining  of 
the  antimony  portion  of  the  vein.    A  stope  was  begun  about  30 

w  Chapto,  Hieodore,  Lode  dfiBk^pmsnta  onSewtrt  Bmhimla'  U.8.a«>L8urTeyBuU.fi0B,pp.4aMO^ 
1914. 
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feet  from  the  bottom  of  the  shaft,  driven  30  feet  to  the  north  and  40 
feet  to  the  south  along  the  vein,  and  extended  within  25  feet  of  the 
floor  of  the  adit.  Only  rock  containing  high  percentages  of  stibnite 
was  removed,  and  the  waste  incident  to  such  mining  was  dumped 
into  the  shaft.  The  stopes  were  not  well  timbered,  and  the  roof  is 
sloughing,  so  that  only  that  part  of  the  vein  at  the  upper  limit  of 
the  stope  can  be  seen. 

Where  the  vein  is  intersected  in  the  adit  it  is  only  a  few  inches 
wide.  At  a  depth  of  about  25  feet  in  the  shaft  it  swells,  and  this  is 
the  portion  that  has  been  removed.  At  one  place  it  was  seen  to 
consist  of  13  inches  of  stibnite  and  32  inches  of  quartz.  It  appears 
to  be  a  compound  vein  similar  to  the  Hed  &  Strand  vein,  consisting 
of  a  quartz  portion  on  the  hanging  wall  through  which  occur  veins 
and  nests  of  stibnite,  and  a  stibnite  portion  on  the  footwall  in  which 
the  stibnite  includes  some  quartz.  Gouge  occurs  on  both  walls  and 
between  the  two  portions  of  the  vein. 

The  relative  proportion  of  the  quartz  and  stibnite  phases  of  the 
vein  varies  from  place  to  place.  The  stibnite  portion  is  said  to  thin 
out  entirely  in  places,  but  the  quartz  portion  to  persist.  The  quartz 
phase  may  show  almost  no  stibnite,  a  little,  or  much.  Some  nests  of 
very  pure  coarsely  crystalline  stibnite  occur  through  the  vein.  The 
antimony  mineralization  was  clearly  later  than  the  introduction  of 
the  gold-bearing  quartz  vein. 

Few  structural  data  can  be  had  from  the  worldng,  due  to  timber- 
ing, frosting,  and  sloughing  of  the  walls.  A  number  of  fractures  c^n 
be  made  out,  striking  N.  30'*-60**  E.  and  dipping  45^-80'*  W.  Gouge 
marks  some  of  the  surfaces,  and  several  are  filled  by  thin  seams  of 
quartz.  One  fault  surface,  almost  horizontal,  extends  for  150  feet 
The  wavy  character  of  the  surface  is  noticeable.  Here  as  else?diere 
irregularity  seems  to  mark  the  fractures  in  schist  and  is  reflected  in 
the  pinch  and  swell  of  the  veins. 

An  opening  has  been  made  on  an  antimony-bearing  quartz  vein  on 
the  ridge  west  of  Manila  Creek,  about  half  a  mile  south  of  the  Slisco- 
vich  mine.  A  shallow  shaft  is  now  caved,  and  the  ore  is  not  seen  in 
place.  To  judge  by  the  material  on  the  dump,  the  vein  is  probably 
not  more  than  8  inches  thick. 

A  number  of  openings  have  been  made  on  antimony  veins  by 
Henry  Breen,  who  has  staked  six  claims  between  Clear  Creek  and  the 
divide  between  the  right  fork  of  Manila  Creek  and  Hobson  Creek. 
(See  fig.  17.)  Several  trenches  and  pits  on  the  east  bank  of  Clear 
Creek  expose  antimony  ore.  These  are  sunk  in  chlorite  schist  at  a 
limestone  and  schist  contact.  The  limestone  is  bleached  but  not 
noticeably  silicified.  Details  of  the  occurrence  of  the  ore  are  ob- 
scured by  wash  in  the  trench.  In  one  cut  the  mineralized  rock  is 
exposed  for  about  6  feet.    The  part  seea  is  2  feet  thick;  the  base  is 
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concealed,  being  OTerlam  by  gravel.  The  bottom  of  the  pit  is  about 
at  the  limestone  contact.  In  the  ore  on  the  dump  stibnite  is  asso- 
ciated with  quartz-calcite  gangue.  The  relations  are  not  clear, 
owing  to  the  decomposed  nature  of  the  material,  but  the  occurrence 
is  probably  one  of  stibnite  in  quartz,  which  lies  in  the  limestone  at  a 
schist  contact.    Some  stibnite  also  occurs  as  yeinlets  cutting  schist. 

A  dozen  or  more  pits  have  been  dug  S.  70®  E.  of  the  Cold  Creek 
locality  and  on  the  west  slope  of  the  ridge  between  Steep  and  Manila 
creeks.  No  ledge  is  exposed.  The  country  rock  is  chlorite  schist. 
Some  ore  on  the  dumps  would  seem  to  indicate  a  vein  trending  about 
N.  45^  E.  and  possibly  2  feet  wide.  The  ore  consists  of  stibnite  and 
quartz  and  is  similar  to  the  other  antimony  ore  of  the  locality. 

The  Christophosen  antimony  property  is  at  the  head  of  Waterfall 
Creek,  about  5  miles  west  of  the  Sliscovich  mine.  (See  fig.  19.) 
The  lode  is  in  a  schist  country  rock.  Development  work  consists  of 
two  timnels  and  several  open  cuts.  The  upper  tunnel,  now  caved 
and  inaccessible,  is  said  to  be  105  feet  long;  the  lower  tunnel  is  270 
feet  long  and  driven  N.  25®  W.    According  to  Mertie,*' 

The  tunnels  are  eaid  to  intersect  a  stockwork  of  iron-stained  schist  and  quartz  in 
which  the  stibnite  occurs  as  lenticular  masses.  None  of  the  antimony  stringenB  are 
over  12  inches  in  thidmess. 

In  the  open  cuts  it  is  apparent  that  a  shear  zone  striking  about  N.  20°  E.  runs  through 
the  property.  The  attitude  of  the  faults  is  about  vertical.  This  zone  is  about  100 
feet  thick  and  is  heavily  iron-stained  and  mineralized  by  pyrite,  pyrrhotite,  stibnite, 
:and  gold. 

Little  is  exposed  in  the  one  tunnel  which  is  accessible.  About  60 
feet  from  the  portal  a  quartz  vein,  apparently  a  lens,  is  intersected 
which  strikes  N.  60°  E.  and  dips  80"*  S.  It  is  followed  for  12  feet 
along  its  strike  and  apparently  stoped.  No  evidence  of  mineraliza- 
tion is  seen.  At  70  feet  from  the  entry  a  3-foot  quartz  vein  strikes 
N.  70®  W.  and  dips  north.  The  tunnel  is  driven  in  graphitic  schist 
and  exposes  little  quartz,  other  than  that  mentioned.  On  the  dump 
quartz  of  the  later-vein  type  contains  considerable  pyrite. 

A  2-foot  vein  of  quartz  containing  a  little  stibnite  is  exposed  by  the 
open  cuts.  It  strikes  N.  60°  E.  and  dips  north  but  can  be  traced  for 
only  a  short  distance.  Quartz  containing  some  stibnite  occurs  on 
the  dumps  of  several  open  cuts.  The  antimony  mineral,  here  as 
elsewhere,  is  later  than  the  quartz  occurring  as  veins  through  it. 
Concentrations  of  well-crystallized  stibnite  show  included  and  evi- 
dently contemporaneous  crystals  of  clear  quartz,  some  of  which  have 
good  terminations.  The  mineralized  schist  of  the  shear  zone  is 
exposed  in  several  opeA  cuts.  The  rock  is  a  graphitic  quartz  schist 
containing  a  little  sericite.    It  is  highly  iron-stained.    Very  little 

•■  Ifartto,  J.  B.,  Jr.,  Lode  mining  and  prospecting  on  Seward  Peninsula:  U.  S.  Oeol.  Survey  Bull.  662» 
p.4»,1016. 
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quartz-vein  material  ooeiuB  through  the  miaeralized  shear  zone. 
According  to  Mertie,** 

About  2|  toDB  of  higfa-grade  stibnite  ham  been  mined  at  this  property  and  sold.  Hie 
Btibnite  aasayB  over  58  per  cent  antimony  tmd  canieaalflasoine  gold  and  silver.  AoBaya 
of  the  cruflhed  adust  and  quartz  in  the  shear  sone  also  show  a  little  gold. 

ZIKC-I^BAD  DEPOSIT  OK  BTSEP  CKBEK. 

The  Nelson  zinc-lead  prospect  is  on  the  south  slope  of  Mount 
Distin,  near  the  headwaters  of  Steep  Creek,  a  tributary  of  Qoldbottom 
Creek  (fig.  17).  The  developments  consist  of  a  40-foot  tunnel,  a 
30-foot  open  cut,  and  several  pits.  At  the  time  of  visit  the  tunnel  was 
partly  filled  with  water  and  inaccessible. 

The  country  rock  is  limestone,  with  which  is  interbedded  quartz- 
mica  schist.  Along  a  limestone  and  schist  contact  the  limestone  is 
bleached  for  a  width  of  30  feet.  It  strikes  N.  W  W.  and  dips  IS""  W. 
Galena,  sphalerite,  and  pyrite  occur  in  the  bleached  limestone.  At 
the  mouth  of  the  tunnel  several  stringers  of  sulphide  occur  parallel  to 
the  bedding  of  the  limestone.  The  best  exposure  of  the  mineralized 
zone  was  seen  in  the  open  cut,  where  it  is  6  feet  wide.  Almost  every 
foot  of  face  exposed,  both  laterally  and  vertically,  shows  sulphide, 
but  the  occurrence  is  very  irregular  and  discontinuous.  Veinlets  of 
sulphide  in  the  limestone  parallel  to  its  bedding  constitute  the  usual 
mode  of  occurrence.  One  2-inch  veinlet  of  rather  pure  galena  cuts 
the  bedding  and  dips  west  at  an  angle  of  35^.  It  is  accompanied  by 
gritty  gouge,  so  badly  decomposed  that  the  relation  of  the  sulphide 
to  the  gangue  is  not  determinable.  Viewed  in  the  large  the  face  of 
ore  has  a  parallel  structure,  due  to  the  arrangement  of  the  veinlets. 
In  detail  the  parallel  zones  are  made  up  of  smaller  veinlets  branchiog 
in  all  directions.  The  limestone  here  is  not  silicified.  The  sulphides 
occur  as  veinlets  and  replacement  deposits  in  the  limestone.  Sphal- 
erite is  a  coiomon  accessory  mineral  of  the  galena  ores  of  Seward 
Peninsula  but  rarely  occurs  as  the  dominating  sulphide.  Mertie*^ 
has  described  such  an  occurrence  in  the  headwater  region  of  Penny 
River  (fig.  19),  as  follows: 

A  zinc  prospect  conaistuig  of  two  daims  owned  by  6.  Christophosen  is  on  the  ridge 
between  Penny  River  and  the  head  of  Oregon  Creek,  at  an  elevation  of  1,600  feet. 
The  prospect  lies  N.  64°  E.  from  the  mouth  of  Nugget  Creek. 

The  ore  occurs  in  a  small  saddle  on  the  ridge,  in  a  narrow  band  of  limestone  oountry 
rock.  A  short  distance  away,  on  both  sides  of  the  saddle,  the  country  rock  is  sdust, 
and  this  rapid  alternation  of  limestone  and  schist  is  a  characteristic  geologic  feature  in 
this  vicinity.  The  strike  of  the  country  rock  is  N.  SO""  £.  and  the  dip  about  SC"  SW. 
There  appears  to  be  no  well-defined  vein  but  instead  an  iron-stained  zone  of  minerali- 
zation, which  trends  approximately  S.  8°  E.  The  lode  was  located  originally  by 
float  in  the  valley  of  Penny  River.  Development  work  consists  mainly  of  a  csved 
shallow  shaft. 

•  Mertto^  J.  B.,  ft^  op.  dt.,  p.  489. 
••  Idon,.  p.  447. 
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The  ore  ifl  sphalerite,  .with  a  little  pyrite,  in  a  quarte  gaogfoe.  Two  kinds  of  quartz 
are  present — ^the  white,  opaque  variety  and  the  dear,  vitreous  quartz.  The  latter 
appears  to  be  either  contemporaneous  with  the  ore  deposition  or  at  least  closely  con- 
nected with  it  genetically.    The  ore  is  said  to  carry  also  some  gold. 

KOKB  BBaiOK. 

The  richest  placers  developed  in  Seward  Peninsula  are  those  within 
a  few  miles  of  Nome,  notably  on  Anvil,  Dexter,  and  Glacier  creeks. 
Gold  placers  have  also  been  found  at  several  localities  in  a  belt  some 
15  miles  wide  and  extending  inland  for  some  20  miles.  It  is  to  be 
expected  that  where  the  richest  placers  have  been  found  the  greatest 
concentration  of  gold  in  bedrock  would  also  occur.  In  spite  of  this 
apparently  favorable  condition  and  a  large  ambiint  of  prospecting, 
no  commercial  lode  deposits  have  yet  been  developed  in  this  region. 
It  should  be  remembered,  however,  that  mining  costs,  owing  chiefly 
to  the  high  price  of  fuel,  mine  timber,  supplies,  and  transportation, 
are  very  high.  A  lode  whose  gold  content  was  so  low  as  to  prohibit 
profitable  exploitation  under  these  conditions  of  high  cost  might  be 
of  commercial  value  if  such  conditions  could  be  changed.  Most  of 
the  prospecting  has  been  done  in  search  of  gold,  and  both  vein  and 
shear-zone  deposits  have  been  explored.  A  number  of  deposits  of 
antimony  (stibnite)  and  several  of  tungsten  (scheelite)  have  also 
received  some  attention. 

The  natiu'e  of  the  antimony  mineralization  has  been  described  on 
page  225  and  need  not  be  mentioned  further.  Tungsten  has  been 
found  in  bedrock  <at  Sophie  Gulch,  on  Twin  Mountain  Creek,*^  in 
lodes  on  the  north  side  of  Glacier  Creek,  and  on  the  divide  between 
Glacier  and  Anvil  creeks.  In  the  tin  deposits  of  the  York  district 
wolframite  is  associated  with  cassiterite.  In  the  deposit  cited  above 
the  tungsten  mineral  is  scheelite.  At  Sophie  Gulch  it  occurs  as  a 
contemporaneous  constituent  of  the  quartz-calcite  veins  and  accom- 
panying sulphides  which  have  impregnated  the  schist  adjacent  to  the 
veins.  At  Good  Luck  Gulch  it  is  recognized  microscopically,  asso- 
ciated with  pyrite,  arsenopyrite,  and  quartz,  replacing  limestone. 
As  it  seems  to  be  contemporaneous  with  both  the  later  quartz  veins 
and  the  arsenopyrite,  more  than  one  age  of  tungsten  mineralization 
is  certain.  Scheelite  is  fairly  common  in  the  placers.  It  is  known 
at  Bluff  and  in  the  Coimcil,  Solomon,  and  Fairhaven  districts  and  is 
probably  widely  distributed,  perhaps  as  a  minor  constituent  of  the 
later  quartz  veins. 

Quartz  veins  are  very  common  in  the  Nome  region.  They  occur  as 
stringers  and  as  massive  veins  as  much  as  several  feet  in  width.  Free- 
milling  gold  is  known  to  be  present  in  veins  as  narrow  as  a  quarter  of 
an  inch,  but  the  gold  content  of  all  veins  so  far  as  known  is  uniformly 

»  Mertie,  J.  B.,  Jr.,  op.  dt.,  p.  437. 
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low.  The  feldspar  type  of  vein  is  best  known  in  this  district,  and  the 
conspicuous  veins  are  usually  of  that  type.  No  great  enrichment  of 
the  country  rock  seems  to  be  assignable  to  the  quartz  veins.  It 
seems  more  probable  that  enrichment  has  been  effected  by  the  for- 
mation of  mineralized  shear  zones  and  that  the  gold  has  been  derived 
from  arsenopyrite,  which  is  the  usual  metallic  mineral  of  those  zones. 
Two  types  of  shear  zone  in  which  sulphides  are  abundant  are  known. 
In  one  the  ore  occurs  in  the  schist;  in  the  other  it  occurs  along  walls 
of  the  later  quartz  veins. 

The  relation  of  arsenopyrite  to  the  later  quartz  veins  is  similar  to 
that  of  stibnite.  After  the  deposition  of  the  veins  movement  re- 
opened the  fissures  and  shattered  the  veins,  and  solutions  bearing 
arsenopyritei  gold,  .a  little  pyrite,  and  very  little  quartz  were  intro- 
duced aJong  the  reopened  fissures,  fiUed  fractures  in  the  veins,  and 
impregnated  the  schist  wall.  Unaltered  sulphides  in  these  deposits 
are  rarely  exposed,  and  details  of  the  associations  can  not  be  seen. 
The  deposits  appear  at  the  surface  as  zones  of  decomposed  schist, 
stained  red  by  iron  oxide.  The  intense  mineralization  as  shown  by 
the  decomposition  extended  for  only  a  few  feet  from  the  vein  wall 
and  diminished  rapidly  with  increasing  distance  from  the  vein. 
Where  the  fresh  sulphide  can  be  seen  it  is  chiefly  arsenop3^te.  The 
decomposed  schist  pans  gold.  Polished  and  thin  sections  have  not 
shown  free  gold  to  be  included  in  or  associated  with  the  sulphides,  and 
the  gold  mineralization  may  in  part  be  independent  of  the  sulphides. 
Mertie  ^  cites  a  mill  run  made  on  one  of  these  deposits  in  which  the 
sulphides  are  said  to  have  assayed  $48  to  $65  a  ton  in  gold. 

The  mineralization  of  the  shear  zone  in  schist  is  comparable  to  that  . 
of  the  schist  adjacent  to  the  later  veins,  which  has  just  been  described. 
Sulphides,  chiefly  arsenopyrite,  impr^nate  the  schist.  Stringers  of 
quartz  cut  the  schist,  usually  not  in  great  numbers,  but  at  Sophie 
Gulch  and  on  Glacier  Creek  zones  of  this  type  are  exposed  in  which 
the  veinlets  form  regular  stockworks.  The  limits  of  the  zones  are  not 
well  defined,  the  sulphide  mineralization  having  gradually  diminished 
with  increasing  distance  from  the  main  surfaces  of  shear.  The 
weathered  outcrops  are  stained  with  iron  oxide.  According  to  report, 
the  schists  show  a  gold  content  on  assay,  and  gold  can  be  panned 
from  the  decomposed  materials. 

Many  lode  claims  have  been  staked  in  the  Nome  region  during  the 
last  20  years,  and  on  some  of  these  claims  considerable  underground 
exploration  has  been  done.  Though  a  little  gold  ore  has  been  mined 
and  milled  from  some  of  these  prospects,  and  a  few  tons  of  antimony 
has  been  produced,  no  conunercial  ore  bodies  have  been  blocked 
out.     For  the  sake  of  elucidating  the  principles  governing  the  distri- 

M  Mertie,  J.  B.,  Jr.,  Lode  mining  and  proBpnting  on  Seward  Puninwile;  U.  S.  GeoL  Survey  BnlL  088, 
p.  432, 1016. 
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bution  and  mode  of  occurrence  of  gold  in  the  bedrock,  the  principal 
prospects  will  be  described.  At  the  time  of  the  viiter's  visit  to  Uiis 
field  in  1920  many  of  the  old  workings  were  caved  and  inaccessible. 
Fortunately,  some  record  of  the  lodes  is  arailable,  tbrough  the 
reports  of  Mertie  "  and  Cfaapin,**  who  examined  the  region  in  1913 
and  1914.  In  the  following  descriptions  extensive  use  will  be  made 
of  these  reports.  The  locations  of  the  prospects  here  to  be  described, 
which  lie  close  to  Nome,  are  ^ven  on  the  accompanying  maps  (figs. 
18  and  19). 

Attempt  to  find  a  gold-bearing  eaicit«  lode  is  shown  by  some 
openings  made  by  M.  Charles  at  the  head  of  Cooper  Gulch,  about 
half  s  mile  east  of  Anvil  Mountain.    Here  there  are  some  small 


IS.— Oeologic  sketch  map  of  Annl  Cr«^  uid  vldoltr,  4  mllra  north 


reticulated  veins  of  calcite  which  strike  N.  30°  E.  Nothing  encourag- 
ing the  hope  of  finding  a  valuable  lode  was  seen  at  this  locality. 
The  calcite  vems  and  stringers  carry  some  quartz  and  are  iron- 
stained,  showing  the  presence  of  a  sulphide. 

It  is  important  to  note  the  relation  between  the  arsenopyrite 
deposits  and  some  of  the  more  productive  placers  of  the  p^iinsula 
as  observed  in  the  lodes  at  Bluff,  at  Koyana  Creek,  and  on  West 
Creek  in  the  Solomon  region  (pp.  1S6,  198).  The  araenopyrite- 
bearing  rock  is  perhaps  the  most  conspicuous  type  of  mineralized 
rock  in  the  Nome  r^on,  where  it  is  known  to  occur  on  Goldbottom 
Creek,  Good  Luck  Gulch,  Boulder  Creek,  Gold  HiU,  Rock  Creek, 
Sophie  Gulch,  Snow  Gulch,  Glacier  Creek,  Mountain  Creek,  New 

•  llcrtSe,/.  B.Jr.Lodcuid  pUcermlnlDt  on  Seward  Penliuula:  D.a.OcoL  Survey  Bull.  aoS,  pp.US- 
4W,1«I7. 
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Years  Oulch,  and  Anvil  Creek  and  is  suspected  of  being  the  source 
of  the  ironnstained  schist  of  Dexter  and  Dry  creeks.  The  known 
distribution  of  arsenopyrite  in  the  Nome  region  as  the  principal 
sulphide  mineral  of  the  later  quartz  veins  and  of  the  shear  zones 
su^ests  that  it  may  be  the  same  mineralization  which  has  locally 
enriched  the  bedrock  in  this  area  and  from  which  much  of  the  gold 
of  the  rich  placers  has  been  derived.  For  many  years  prospectors 
have  postulated  a  mother  lode  that  supplied  the  gold  for  the  rich 
placers  of  the  Snake  River  drainage  basin  and  the  beach  deposits. 
It  is  improbable  that  any  one  continuous  lode  exists.  Relative 
enrichments  such  as  are  cited  here  would  be  sufficient  to  effect  a 
tremendous  concentration  in  the  stream  gravels  if  such  enrichments 
were  sufficiently  numerous.  The  exposure  of  deposits  of  the  shear- 
zone  type  in  a  country  where  the  rock  is  concealed  by  moss,  talus, 
and  gravels  is  purely  fortuitous  or  the  result  of  mining  operations. 
It  is  not  improbable  that  such  deposits  are  much  more  numerous 
than  can  be  demonstrated.  Shear  zones  comparable  to  those 
exposed  in  the  Nome  region  are  not  known  to  the  writer  to  occur  else- 
where in  the  peninsula,  but  they  are  probably  present.  It  would  be 
natural  to  expect  to  find  them  developed  in  areas  which  have  suffered 
the  greatest  deformation.  The  Nome  and  the  Solomon  areas  prob- 
ably fill  this  requirement.  In  the  Ophir  Creek  r^on  shear  zones 
of  this  type  were  not  recognized,  nor  was  arsenopyrite  seen.  A 
different  set  of  conditions,  which  are  discussed  elsewhere  (p.  207), 
are  believed  to  have  effected  the  enrichment  in  that  region. 

Some  work  has  been  done  on  what  is  called  the  Rex  lode,  on  the 
west  slope  of  the  Dry  Creek  valley.  At  an  elevation  of  550  feet  a 
tunnel  is  driven  25  feet  along  a  fault  in  limestone.  The  fault  strikes 
N.  18°  W.  and  dips  66**  N.,  and  the  limestone  strikes  N.  40"*  E.  and 
dips  10°  N.  A  slightly  iron-stained  calcite  vein,  1  foot  or  less  in 
width,  lies  along  the  fault.  The  owner  claims  an  assay  of  S3  to  $5 
in  gold  to  the  ton  on  this  material.  Another  25-foot  tunnel  50  feet 
lower  exposes  the  same  vein.  About  200  feet  south  of  this  second 
tunnel  three  tunnels  have  been  driven  on  different  veins  and  are  now 
caved.  One  was  180  feet  long.  At  an  elevation  of  480  feet  a  tunnel 
is  now  being  driven  N.  70°  W.  along  an  8-inch  vein  of  calcite.  Here 
only  calcite  has  been  seen,  and  no  quartz  or  sulphide  minerals  were 
observed. 

A  number  of  claims  are  staked  on  the  Red  lode,  along  the  valley 
of  Dry  Creek,  between  elevations  of  400  and  500  feet.  East  of  the 
road  just  below  East  Gulch  a  pit  exposes  iron-stained  schist  similar 
to  that  observed  on  Dexter  Greek.  Both  limestone  and  schist  occur 
on  the  dump,  and  the  hematitic  material  is  probably  related  to  the 
contact.  A  shaft  40  feet  above  the  pit  just  mentioned  is  now  caved, 
limestone  and  quartz-chlorite  schist  but  practically  no  quartz  occur 
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on  ihe  dump.  On  the  east  side  of  Dry  Creek,  at  an  elevation  of  500 
feet^  a  25-foot  tunnel,  now  cared,  and  a  30-foot  trench  50  feet  above 
it  have  been  opened  on  a  fault  zone  in  limestone.  The  fault  zone 
strikes  N.  40^  W.  and  can  be  traced  on  the  hillside.  The  limestone 
along  the  fault  is  brecciated  and  stained  by  hematite  and  limonite, 
which  are  accompanied  by  considerable  calcite.  No  sulphides  were 
seen.  The  oxide  mineralization  here  probably  resulted  from  ground 
waters  circulating  along  this  shattered  zone  and  is  illustrative  of 
what  may  be  the  conditions  giving  rise  to  the  iron  ores  of  the  Cub 
Bear  mine  on  Cripple  River. 

An  open  cut  at  an  elevation  of  about  770  feet  on  the  east  side  of 
Dry  Creek  exposes  iron<-6tained  limestone.  The  cut  is  now  caved, 
but  some  greenstone  containing  pyrite  is  on  the  dump.  The  sul- 
phide content  of  this  rock  may  be  the  source  of  the  iron  stain  in  the 
limestone  at  this  locality. 

At  the  head  of  Newton  Oulch  A.  Homberger  has  made  a  dozen  or 
more  openings  in  limestone  and  schist.  Veinlets  of  quartz  in  the 
schist  and  a  little  pyrite  form  the  only  evidence  of  mineralization 
seen.  No  defined  lode  has  been  followed)  but  an  average  value  of 
$5  in  gold  to  the  ton  is  claimed  by  Mr,  Hombei^er  as  the  result  of 
composite  sampling. 

Arthur  Hines  and  Charles  McLaughlin  have  located  five  claims 
covering  most  of  King  Mountain  and  five  claims  on  the  north  slope 
of  Dexter  Creek,  between  Deer  and  Grouse  gulches.  On  Dexter 
Creek  six  shafts,  five  20  feet  and  one  56  feet  deep,  were  sunk  but  are 
now  caved.  They  were  sunk  in  limestone  and  decomposed,  highly 
iron-stained  schist.  The  coimtry  rock  here  is  alternating  schist  and 
limestone.  The  schist  where  exposed  is  decomposed  almost  to  soil 
and  stained  yellow.  Little  quartz  is  seen,  and  the  decomposed  mate- 
rial is  said  not  to  pan  a  color,  but  to  assay  S3  to  $24  a  ton  in  gold. 
The  owners  also  claim  that  it  contains  platiniun.  Platinum  in  rock 
of  this  type  would  be  entirely  exceptional,  and  its  presence  or  absence 
should  be  determined  by  a  competent  chemist. 

South  of  these  claims,  at  the  mouth  of  Grouse  Gulch,  there  is  an 
old  tunnel  at  creek  level,  said  to  have  been  400  feet  long  and  to  have 
cut  decomposed  schist  that  showed  an  average  of  SI  1.80  a  ton  in 
gold  for  150  assays.  This  schist  is  about  half  calcite  and  half  quartz, 
with  a  very  little  sericite. 

The  bedrock  of  Dexter  Creek  is  alternating  limestone  and  schist. 
Very  little  quartz  is  seen,  but  the  thin  schist  zones  are  highly  mineral- 
ized and  much  decomposed.  On  Grass  Gulch  and  Left  Fork  the  rock 
is  chiefly  limestone  with  a  Uttle  interbedded  schist  and  almost  no 
quartz.  The  limestone  is  bleached  white  at  certain  horizons,  chiefly 
at  schist  contacts.  Miners  working  here  say  that  the  richest  placer 
ground  is  found  on  the  bleached  limestone. 
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Bursick  &  Kern  have  made  8  or  10  openings  at  the  base  of 
King  Mountain  on  the  south  and  southwest  sides.  All  are  in  schist 
and  expose  very  little  quartz.  No  evidence  of  mineralization  was 
observed.  A  20-foot  tunnel  in  schist  exposes  a  few  inches  of  quartz 
but  no  trace  of  mineralization.  At  an  elevation  of  640  feet  Bursick 
&  Kern  have  a  cut  30  by  50  feet  in  white  limestone.  The  adjacent 
schist  is  well  mineralized.  The  limestone  resembles  the  bleached 
limestone  that  accompanies  the  mineralized  rock  elsewhere.  The 
bed  is  4  feet  thick  but  is  neitlier  silicified  nor  mineralized.  On 
Nekula  Gulch,  a  quarter  of  a  mile  to  the  southwest,  is  the  Caribou 
Bill  claim,  one  of  the  richest  placers  mined  in  the  district."* 

New  Years  Oulch,  a  tributary  to  Anvil  Creek,  ia  cut  through  a  sone 
of  mineralized  schist  and  quartz-feldspar  veins  similar  to  the  zones 
exposed  on  Glacier  and  Rock  creeks.  The  zone  is  25  feet  wide  and 
strikes  N.  40^  W.  (?).  The  iron-stained  schist  is  said  to  pan  gold. 
The  vem  material  is  reported  to  carry  arsenopyrite  and  pyrite,  but 
none  was  seen  by  the  writer.  An  assay  made  for  the  Survey  on  this 
oxidized  schist  did  not  show  any  gold. 

At  the  Hendrickson  prospect,  on  the  north  side  of  Anvil  Creek 
between  New  Years  and  Specimen  gulches,  a  150-foot  adit  exposes 
a  little  quartz,  limestone,  and  schist.  The  limestone  is  highly  min- 
eralized. Pyrite  and  arsenopyrite  occur  abundantly  in  small  crystals 
in  a  slightly  schistose  type  of  limestone^  and  pyrite  occurs  also  in  a 
nonschistose  phase.  The  quartz  shows  some  arsenopyrite  mineral- 
ization. According  to  Mertie,^  the  adit  is  reported  to  crosscut  a 
belt  of  mineralized  country  rock  for  120  feet,  and  within  tlus  belt 
lies  a  rich  zone  15  feet  wide,  which  assayed  $11  to  $12  a  ton  in  gold. 
A  shaft  on  the  opposite  side  of  the  creek  is  filled  with  water. 

On  the  east  bank  of  Anvil  Creek  just  below  New  Years  Gulch 
hydraulic  work  exposes  much  jointed  schist  that  is  well  mineralized 
and  on  weathering  is  discolored.  In  some  places  the  discoloration 
is  more  intense  than  in  others  and  might  well  represent  higher  con- 
centration of  sulphides,  of  which  New  Years  Gulch  is  an  extreme 
example.    Quartz  veinlets  occur  throughout  the  schist. 

Some  of  tiie  gold  from  the  hydraulic  bench  on  Anvil  Creek  just 
above  Specimen  Gulch  is  attached  to  quartz,  some  is  clean,  and  one 
nugget  showed  only  hematite  in  the  crevices.  All  the  nuggets  are 
angular  and  probably  local.  The  attached  material  suggests  that 
the  gold  may  be  derived  in  part  from  the  quartz  stringers  and  in  part 
from  the  sulphides. 

On  the  north  bank  of  Anvil  Creek,  opposite  the  mouth  of  Specimen 
Gulch,  a  tunnel  70  feet  long  has  been  driven  in  graphitic  schist.    The 

•  Cdlier,  A.  J.,  Gold  plaoors  of  pirts  of  Sevrard  Peninsula,  Alaska:  U.  S.  Oeol.  Sonrey  Bull.  326,  p.  200^ 
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opening  was  made  by  J.  C.  Widstedt  in  1899,  and  several  tons  of 
antimony  was  mined.  The  stibnite  occurred  in  kidneys  in  the 
schist  but  not  in  large  quantities.  The  schist  in  the  vicinity  of  the 
stibnite  kidneys  is  well  mineralized  by  pyrite  and  arsenopyrite. 
Samples  of  the  ore  show  coarsely  crystalline  stibnite  and  a  little 
pyrite.  It  is  said  to  have  assayed  $72  a  ton  in  gold,  $28  in  silver, 
and  some  copper.  Little  can  be  seen  in  the  tunnel,  because  of  the 
sediment  covering  the  walls. 

On  the  west  bank  of  Quartz  Gulch,  about  halfway  up  the  gulch,  a 
shaft  was  sunk  by  Mr.  Widstedt  on  an  antimony-bearing  quartz 
vein.  The.  shaft  is  now  full  of  water.  The  material  on  the  dump 
consists  of  quartz,  schist,  and  stibnite.  The  stibnite  is  finely  crys- 
talline and  is  associated  with  pyrite  and  a  little  arsenopyrite.  In 
the  quartz  rock  stibnite  occurs  in  veinlets.  Where  stibnite  pre- 
dominates the  relations  of  the  quartz  are  not  clear. 

On  the  hillside  northwest  of  this  locality  is  another  shaft  now 
caved,  out  of  which  antimony  is  said  to  have  been  mined;  only 
schist  shows  on  the  dump.  On  the  east  side  of  Quartz  Gulch  a  small 
open  cut  exposes  several  parallel  quartz  stringers  in  iron-stained 
schist.  The  decomposed  zone  is  12  feet  wide.  Finely  crystalline 
stibnite  occurs  in  tiny  veinlets  in  the  quartz. 

On  the  west  side  of  Anvil  Creek  opposite  the  mouth  of  Specimen 
Gxdch  an  open  cut  exposes  a  shear  zone  in  schist.  The  schist  is 
about  half  calcite  and  half  quartz,  with  much  graphite  and  a  little 
muscovite.  It  is  badly  crumpled  and  iron  stained.  Numerous 
indistinct  quartz  veinlets  cut  the  schist.  Pyrite  was  the  only  fresh 
sulphide  seen.  Beginning  100  feet  south  of  this  exposure  and  con- 
tinuing for  several  hundred  feet  a  series  of  these  sheared  and  iron- 
stained  zones  in  schist  are  exposed  by  a  cut  made  in  building  a  road 
along  the  side  hill.  The  occurrence  is  similar  to  that  of  the  Boulder 
lode  and  other  sheared  zones  which  are  known  to  pan  gold  and  is 
probably  representative  of  a  type  of  sulphide  mineralization  common 
in  the  Nome  district  but  not  generally  exposed.  On  the  west  side 
of  Anvil  Creek  below  Quartz  Gulch  several  tunnels  have  been  driven 
but  are  now  caved  and  inaccessible.  No  ore  was  seen  on  the  dumps. 
One  of  these  tunnels  was  evidently  driven  on  a  limestone  and  scldst 
contact.  Quartz-palcite  veinlets  occur  in  both  limestone  and  schist, 
and  sulphides  are  prominent  in  both.  At  the  mouth  of  Quartz  Gulch 
on  the  Scotia  claim  a  10-foot  tunnel  exposes  an  8-inch  quartz-calcite 
vein,  cutting  schist.  Both  schist  and  quartz  contain  pyrite  and 
arsenopyrite. 

On  the  east  bank  of  Anvil  Creek  a  quarter  of  a  mile  below  Specimen 
Gulch  two  shafts  have  been  sunk  by  Charles  Olsen  on  antimony-gold- 
quartz  veins.     One,  54  feet  deep,  is  now  caved;  the  other,  100  feet 
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deep,  is  full  of  water.  The  64-foot  shaft,  according  to  Mr.  Olsen,  was 
sunk  on  a  4-foot  vein  of  quartz  that  strikes  a  little  west  of  north  and 
carried  only  a  little  gold.  At  a  depth  of  49  feet  stibnite  was  en- 
countered which  continued  to  54  feet,  where  the  shaft  was  abandoned. 
The  stibnite  portion  of  the  vein  was  more  than  5  feet  wide.  The  100- 
foot  shaft  is  100  feet  west  of  the  54-foot  shaft.  It  encoimtered 
stibnite  at  60  feet,  which  continued  on  the  hanging  wall  to  100  feet, 
and  at  that  depth  the  shaft  was  abandoned  because  of  water.  These 
veins  dipped  west  and  had  10  feet  of  talc  schist  on  the  hanging  wall. 
The  ore  occurring  on  the  dump  is  very  finely  crystalline  stibnite  with 
some  pyrite  and  quartz  through  it.  It  is  said  to  have  assayed  $21 
to  the  ton  in  gold,  $2.05  in  silver,  and  some  copper. 

On  the  ridge  between  Anvil  Creek  and  Snake  River,  southwest  of  Quartz  Guldi, 
at  an  elevation  of  650  feet,  a  big  ledge  of  white,  opaque  (bull)  quarts  has  been  exposed 
by  Petenon  A  Lamoreaux  in  an  open  cut  and  short  tunnel.  This  body  of  quarts  is 
8  feet  or  more  thick,  strikes  S.  45^  W.,  and  dips  about  45°  NW.  It  is  heavily  iron 
stained.  The  vein  is  not  clean  cut  but  shows  stringers  going  o£F  into  the  black  schist 
country  rock.  Strongly  developed  fractures  striking  N.  35°  W.  are  present  in  the 
quartz,  as  well  as  other  irregular  fractures  and  faults.  This  quartz  has  the  appearance 
of  having  suffered  ccmaiderable  metamorphism  and  is  probably  an  old  quartz  vein 
formed  prior  to  the  gold  mineralization  of  the  region.  It  is  reported  that  galena  was 
found  disBeminated  in  some  of  this  quartz.  A  near-by  shaft,  about  40  feet  deep,  is 
filled  with  water.'* 

The  Eureka  and  Borasco  claims,  usually  known  as  the  Joi^ensen 
property,  lie  on  Mary  Gulch,  a  tributary  of  Mountain  Creek.  Here 
several  openings  have  been  made  on  quartz  veins  in  mineralized  mica 
schist  and  marmarized  limestone.  Oligoclase  feldspar  is  prominent 
in  some  of  the  vein  rock.  Pyrite,  arsenopyrite,  and  galena  occur  in 
veins  cutting  the  quartz,  and  Mertie  ^'  reports  scheelite  from  the  same 
locality.  The  galena  occurs  in  veinlets  in  the  quartz  but  was  not 
seen  in  association  with  the  other  sulphide  and  may  represent  a 
different  period  of  mineralization.  ScheeUte  may  belong  to  either  the 
quartz  or  the  sulphide  period  of  mineralization.  The  schist  is  highly 
mineralized  with  arsenopyrite  and  pyrite.  The  sulphides  are  con- 
centrated along  the  vein,  and  in  the  weathered  outcrop  the  schist 
adjacent  to  the  vein  is  altered  to  hematitic  material.  This  intensely 
iron-stained  zone  may  extend  a  foot  or  more  from  the  vein.  It  is 
reported  that  gold  can  be  panned  from  this  rock  ^and  that  the  vem 
carries  gold.  Shearing  along  the  vein  is  apparent.  The  order  of 
mineralization  would  seem  to  be  as  follows :  Quartz,  probably  carry- 
ing a  little  gold  and  scheelite,  was  introduced  first.  Later  movement, 
in  part  at  least  along  the  vein,  reopened  the  fissure  and  shattered  the 
quartz.  Contemporaneous  with  or  later  than  this  movement  sul- 
phides carrying  gold  filled  fissures  in  the  vein  and  impregnated  the 

n  Mertie,  J.  B.,  Jr.,  op.  dt.,  p.  432. 
n  Idem,  p.  435, 
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schist  wall  rock.  The  gold  content  of  this  and  of  most  of  the  quartz- 
feldspar  veins  of  the  area  about  which  anything  could  be  learned 
seems  to  occur  chiefly  in  the  sulphides. 

About  200  feet  above  the  forks  of  the  creek  a  cut  exposes  quartz  in 
limestone.  The  habit  of  the  quartz  occurring  in  the  two  formations 
is  well  contrasted.  In  the  schist  the  veins  are  extremely  irregular  in 
the  strike  and  dip  and  are  subject  to  rapid  pinching  and  swelling. 
In  the  limestone  the  veins  are,  as  a  rule,  more  clean  cut  but  in  places 
subject  to  irregularities.  At  this  locality  the  quartz  has  followed  in 
general  the  bedding  of  the  limestone,  but  in  two  places  it  cuts  the 
bedding  and  fills  irregular  openings.  The  quartz  in  the  limestone 
shows  some  galena  but  seems  to  be  less  well  mineralized  than  that 
exposed  in  the  schist. 

The  Golden  Eagle  and  Gold  Bug  claims  of  the  West  group  are 
near  the  head  of  Bonanza  Gulch,  half  a  mile  south  of  Glacier  Creek, 
near  the  top  of  the  divide  between  Anvil  Creek  and  Nome  River. 
Here  a  120-foot  adit  has  been  driven  on  a  vein  of  the  quartz-feldspar 
typo.  It  shows  a  little  pyrite  and  arsenopyiite.  The  country  rock 
is  quartz-mica-chlorite  schist  and  where  exposed,  adjacent  to  the 
vein,  is  intensely  iron  stained.  This  soft  hematitic  material  is  said 
to  pan  gold.  The  width  of  the  mineralized  schist  zone  is  not  deter- 
minable. It  strikes  about  N.  70^  E.  The  face  of  the  drift  exposes 
a  nearly  vertical  8-inch  vein  in  a  zone  of  soft,  highly  altered  schist. 
The  exposures  do  not  show  the  structural  features. 

About  200  yards  north  of  the  west  end  of  Hot  Air  bench,  between 
Glacier  and  Rock  creeks,  a  trench  exposes  a  quartz-feldspar  vein  in 
which  sulphides  are  abundant.  Arsenopyiite  and  pyrite  occur  in 
veinlets  that  cut  the  feldspar  and  quartz.  There  is  a  noticeable 
association  of  the  sulphides  with  the  feldspar  of  the  vein.  The 
relations  of  the  veib  to  tlxe  bedrock  could  not  be  determined. 

On  the  south  side  of  Glacier  Creek  above  Snow  Gulch  several  short 
timnels  are  driven  on  quartz-feldspar  veins.  In  one  tunnel  100 
yards  above  the  gulch  the  vein  exposed  is  H  feet  thick.  Arsenopyrite 
and  pyrite  occur  in  veinlets  through  the  quartz  and  feldspar  of  the 
vein. 

On  the  north  bank  of  Glacier  Creek,  opposite  the  mouth  of  Snow 
Gulch,  a  tunnel  driven  20  feet  in  schist  exposes  a  1-foot  quartz- 
feldspar  vein.  The  country  rock,  quartz-chlorite  schist,  strikes 
N.  60^  W.  and  dips  20^  N.  The  vein  strikes  east  and  dips  south 
at  an  angle  ranging  from  practically  nothing  to  45^.  The  schist  is 
highly  folded  and  irregular.  The  vein  pinches  and  swells  from  3 
inches  to  1  foot  within  the  6  feet  of  length  exposed.  An  8-inch 
lens  of  quartz  is  exposed  above  the  vein  but  extends  for  only  2  feet. 
A  1-inch  stringer  dips  north  and  merges  with  the  vein.     The  quartz 
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shows  little  or  no  mineralization,  but  the  schist  adjacent  to  it  is 
well  mineralized  with  arsenopyrite  and  pyrite. 

A  zone  of  mineralized  schist  impregnated  by  quartz  is  exposed  in 
a  small  gully  on  the  south  bank  of  Glacier  Creek  just  above  the 
mouth  of  Snow  Gulch.  The  occurrence  is  similar  to  that  of  Sophie 
Gulch.  The  zone  appears  to  strike  N.  30^  E.  Its  width  is  not 
detenninable.  The  schist  has  been  literally  shattered,  and  the 
fractures  strike  and  dip  in  all  directions.  The  schist  included  between 
veinlets  is  commonly  curled  and  contorted  along  what  probably  are 
the  surfaces  of  greatest  movement.  The  veins  are  of  the  quartz- 
feldspar  variety  and  from  1  to  3  inches  in  width.  They  are  extremely 
irregidar,  pinching  and  sweUing,  forming  lenses  and  blowouts,  and 
ending  as  abruptly  as  they  b^in.  They  are  all  contemporaneous, 
branching  and  anastomosing  and  conforming  with  the  fractures  in 
the  schist.  The  fissures  filled  are  dean  cut,  and  the  vein  walls  are 
well  defined.  Between  the  veins  and  especially  adjacent  to  them 
the  schist  is  intensely  iron  stained.  Only  extremely  decomposed 
material  can  be  seen,  so  that  the  nature  of  the  sulphide  mineralization 
by  which  it  was  formed  is  not  determinable;  It  is  probably  another 
exposure  of  that  type  of  rock  containing  disseminated  sulphides, 
which  in  places  is  biown  to  carry  gold  and  which  may  be  very 
common,  as  the  softness  of  the  material  would  permit  its  exposure 
only  under  exceptional  conditions.  Both  moss  and  talus  would 
effectually  conceal  it. 

The  quartz  veins  are  probably  lat^r  than  any  considerable  move- 
ment along  the  intruded  zone,  as  no  offsetting  was  observed.  The 
sulphide  mineralization  of  the  schist  was,  at  least  in  part,  later  than 
the  introduction  of  the  quartz,  as  arsenopyrite,  the  most  abundant 
sulphide  of  these  zones,  occurs  as  veins  in  the  quartz.  How  far  the 
sulphide  mineralization  may  have  extended  from  the  vein  has  not 
been  determined,  but  to  judge  from  the  intensity  of  the  decompo- 
sition colors  it  was  largely  concentrated  within  a  few  inches  of  the 
vein.  This  criterion  is  fairly  reUable,  as  water  circulation  is  not 
confined  to  the  vein  fissures,  and  the  wall  rock  is  cut  in  great  detail 
by  incipient  fractures  and  is  decidedly  porous  rather  than  dense, 
even  in  its  most  unaltered  parts. 

The  localization  of  the  schist  mineralization  largely  along  the 
fissures  filled  by  quartz  indicates  the  same  control  for  the  sulphide 
mineralizing  solution  as  for  the  quartz.  The  old  avenues  of  entrance 
were  open,  whether  due  to  incomplete  filling  of  the  fissures  by  quartz 
or  to  later  shattering  that  affected  the  vein  walls.  Free  gold  can  be 
panned  from  many  of  these  zones  of  decomposed  schist.  The  quartz- 
feldspar  veins  are  known  to  carry  gold.  Whether  the  gold  is  the 
product  of  a  separate  mineralization  or  related  to  the  sulphide 
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mineralization  is  not  definitely  known.  According  to  Chapin,^'  the 
sulphides  at  the  New  Era  tunnel  do  not  pan  free  gold.  The  decom- 
posed schists  carrying  the  same  sulphides  in  many  places  pan  gold. 
At  Bluflf  (p.  186)  the  ore  is  similar  to  that  which  is  in  part  free  milling 
and  in  part  base. 

At  creek  level,  just  west  of  Hot  Air  bench,  on  the  north  bank  of 
Glacier  Creek,  two  30-foot  open  cuts  and  a  15-foot  adit  expose  a  vein 
of  the  quartz-feldspar  type.  The  country  rock  is  chlorite  schist, 
which  strikes  east  and  dips  40^  S.  The  vein  is  8  inches  thick  and 
conforms  in  general  with  the  irregular  strike  and  dip  of  the  schist. 
A  fault  in  the  schist  at  the  tunnel  face  strikes  N.  70°  W.  and  dips 
45°  N.  The  vein  has  been  terminated  by  the  fault  gouge  on  the  west 
side  of  the  drift  and  cuts  the  fault  surface  on  the  east  side  of  the  drift. 
It  is  almost  certain  from  observations  made  on  this  vein  that  it  is 
later  than  any  period  of  serious  deformation  of  the  schist.  It  is 
shattered  but  not  displaced.  No  sulphide  mineralization  of  the  vein 
was  observed. 

The  Hot  Air  bench,  on  the  north  bank  of  Glacier  Creek,  was  a  large 
producer  of  placer  gold.  The  bedrock  is  schist,  and  quartz  is  not 
plentiful.  The  schist  is  mineralized,  but  the  shear  zones  observed 
in  the  bedrock  of  Rock  and  Anvil  creeks  are  not  seen  here.  It  hardly 
seems  possible  that  this  gold  could  have  been  of  local  derivation. 
Microscopically  the  schist  proves  to  be  a  quartz-albite  variety  in 
which  chlorite  is  the  most  abimdant  micaceous  mineral  and  musco- 
vite  is  prominent.  Sillimanite  and  titanite  occur  as  accessories, 
and  arsenopyrite  seems  to  be  the  sulphide. 

The  New  Era  tunnel,  on  the  west  side  of  Snow  Gulch,  near  its  head, 
is  now  caved  and  inaccessible.  The  coimtry  rock  of  Snow  Gulch  is 
a  succession  of  limestones  and  schists,  and  the  tunnel  is  driven  along 
one  of  the  schfst  zones.  Quartz,  limestone,  and  calcareous  schist 
on  the  dump  are  not  representative  of  the  mineralization,  which  is 
described  by  Chapin'*  as  follows: 

The  lode,  as  judged  by  specimenB  from  the  dump,  is  composed  of  stringers  of  quartz 
with  much  included  schist,  both  quartz  and  schist  containing  considerable  pyrite 
and  arsenopyrite.  The  arsenopyrite  occurs  as  small  irregular  bunches  and  as  isolated 
crystals  in  both  vein  matter  and  schist  and  appears  to  be  contemporaneous  with  the 
quartz.  Some  of  the  pyrite  may  perhaps  have  the  same  relation,  but  most  <tf  it  is  of 
later  origin  than  the  arsenopyrite  and  fills  fractures  which  penetrate  that  mineral. 
A  small  amount  of  albite  occurs  with  the  quartz. 

♦  »♦»♦•* 

No  visible  gold  could  be  detected  in  any  of  the  samples  taken  from  this  tunnel, 
nor  can  free  gold  be  obtained  on  crushing  the  ore.  The  gold  is  contained  in  the  sul- 
phide and  extends  into  the  wall  rock  for  a  considerable  distance. 

Tt  Chapin,  Theodore,  Lode  developments  on  Sewsid  Peninsula:  U.  S.  Qeol.  Survey  Bull.  502,  p.  400, 1914. 
'« Idem,  p.  400. 
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West  of  Snow  Gulch,  at  an  elevation  of  about  450  feet,  a  trench 
50  feet  long  and  12  feet  deep  at  the  face  exposes  a  quartz-calcite  Tein 
in  limestone.  A  12-foot  shaft  and  a  20-foot  shaft  on  the  strike  of  tho 
trench  expose  the  ledge  for  100  feet  to  the  southwest.  The  vein  is  2 
or  3  feet  thick,  strikes  N.  20*'  E.,  and  dips  15''-30''  W.  It  conforms 
in  general  with  the  bedding  of  the  limestone.  A  very  little  sulphide 
was  seen  in  both  limestone  and  quartz.  Continuing  along  the  direc- 
tion of  these  openings,  in  a  line  N.  25^  E.,  twenty  or  more  pits  have 
been  simk  in  quartz-muscovite  schist.  A  little  quartz,  about  equiva- 
lent to  the  quartz  occurring  in  the  schist  anywhere,  is  on  the  dump 
at  each  opening,  but  no  ledge  is  exposed.  The  pits  extend  for  half  a 
mile  or  more. 

On  one  of  the  Big  Four  claims,  on  the  east  side  of  Snow  Gulch 
above  the  Miocene  Ditch  timnel,  a  20-foot  shaft  and  several  open  cuts 
have  exposed  a  quartz  vein  system  in  limestone.  The  veins  are  of 
the  quartz-calcite  type,  are  of  open  texture,  and  contain  a  little  sul- 
phide. Free  gold  was  observed  in  one  vein  at  the  contact  of  the  vein 
and  the  limestone.  In  the  shaft  the  veins  occur  dominantly  with 
the  bedding  of  the  limestone  but  are  also  transverse  to  it.  They  ap- 
pear to  be  fairly  continuous  and  not  to  exceed  a  few  inches  in  width. 
The  limestone  is  underlain  by  schist,  and  several  openings  are  made 
in  the  contact.    The  schist  is  highly  mineralized. 

Where  the  Government  road  crosses  Rock  Creek  there  is  an  out- 
crop of  limestone  which  shows  considerable  sulphide  mineralization. 
The  mineralized  limestone  is  dark  blue  to  black,  much  contorted, 
slickensided  on  some  surfaces,  and  cut  by  small  veinlets  of  quartz. 
The  microscope  shows  that  it  is  partly  replaced  by  quartz,  being  about 
half  quartz  and  half  caldte.    The  only  sulphide  observed  is  pyrite. 

The  folding  in  the  limestone  and  schist  is  exposed  on  the  creek 
bank.  Along  the  crest  of  an  anticline,  where  the  limestone  is  in  con- 
tact with  schist,  both  rocks  are  unusually  well  mineralized.  The 
schist  resembles  that  of  the  Boulder  and  California  lodes,  being  highly 
iron  stained.  No  well-defined  quartz  veinlets  occiu*  in  the  mineralized 
rock,  and  apparently  the  mineralizing  solutions  contained  little  or  no 
silica.  Here,  as  at  Good  Luck  Gulch,  however,  the  sulphide  accom- 
panies the  quartz  in  replacing  limestone.  The  crest  of  a  fold  is  here 
seen  to  have  afforded  an  opening  favorable  to  the  introduction  of  the 
mineralizing  solutions. 

On  the  north  bank  of  Rock  Creek,  200  yards  northwest  of  the  road 
crossing,  a  caved  10-foot  shaft  exposes  a  2-foot  vein  of  the  quartz- 
feldspar  type.  The  vein  strikes  N.  30""  W.  and  dips  W.  Several 
openings  south  of  the  creek  are  along  the  strike  of  this  vein  and  pos- 
sibly on  it. 

On  the  south  bank  of  Rock  Creek,  just  below  Sophie  Gulch,  two 
tunnels,  a  shaft,  and  an  open  cut  have  been  made  on  a  quartz-feldspar 
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vein.  The  tunnels  are  driven  S.  76®  E.  and  S.  25**  E.  about  100  feet 
apart,  and  the  shaft  is  probably  sunk  at  their  intersection.  Both 
tunnels  are  caved,  and  the  shaft  is  filled  with  water.  The  vein  strikes 
N.  65®  E.  and  dips  50®  S.  It  is  partly  exposed  by  a  cut  and  appears 
to  be  3  or  4  feet  thick.  The  feldspar  of  the  vein  is  albite.  It  also 
contains  a  little  pyrite,  arsenopyrite,  and  ilmenite.  The  country  rock 
is  quartz-chlorite  schist,  which  is  iron  stained  at  the  surface.  Ma- 
terial on  the  dump  of  the  shaft  contains  fresh  sulphides,  the  ilmenite 
occiuring  on  fractured  surfaces  in  the  quartz. 

This  is  the  property  referred  to  by  Mertie  as  the  Stipec  and  Kotovic 
property.    He  says:  '* 

The  tunnel  cuts  a  12-foot  vein  of  white  opaque  quartz  which  is  greatly  shattered  and 
iron  stained.  A  mill  run  on  this  material  has  shown  it  to  contain  250  pounds  of  con- 
centrates to  the  ton  of  rock  milled  and  $6.25  a  ton  in  free  gold.  The  concentrates, 
which  are  chiefly  arsenopyrite  and  pyrite,  are  said  to  assay  from  $48  to  $66  a  ton  in  gold. 
It  is  said  by  the  owners  that  the  schist  in  the  mineralized  zone  carries  more  gold  than 
the  mineralized  quartz. 

In  a  hydraulic  cut  (Reinisch  pit)  on  the  north  bench  of  Rock  Creek 
opposite  Sophie  Gulch  free  gold  was  observed  in  a  quartz  stringer  cut- 
ting black  schist  nuuie  up  essentially  of  quartz,  muscovite,  and  car- 
bon. The  stringer  consists  of  white,  vitreous  quartz,  about  half  an 
inch  wide,  which  abounds  in  openings.  In  places  the  fissure  is  clearly 
incompletely  filled,  well-terminated  crystals  projecting  from  one  wall, 
while  no  quartz  occiu*s  on  the  wall  opposite.  The  gold  seems  to 
occur  on  the  crystalline  quartz  and  to  be  later  than  the  quartz,  but 
the  evidence  is  too  meager  to  warrant  a  positive  statement  of  this 
relation.  The  miners  report  that  gold  usually  occurs  between  the 
quartz  and  the  wall  rock. 

Mertie  ^'  has  described  the  occurrence  of  scheelite  on  Sophie  Gulch 
as  follows: 

The  property  known  as  the  Sophie  lode,  on  Sophie  Gulch,  a  tributary  of  Bock 
Greek,  consists  of  one  patented  placer  claim  and  two  lode  claims.  Kesidually  weath- 
ered tungsten  ore  was  mined  here  by  placer  operations  in  1916.  *  *  *  The  results 
of  microscopic  work  on  this  lode  will  be  included  in  a  later  report. 

The  country  rock  at  this  place  is  an  iron-stained,  thin-cleaving,  foliated  mica  schist, 
the  cleavage  of  which,  measured  at  one  place  in  the  pit,  strikes  north  and  dips  23^  E, 
It  shows  also  a  vertical  jointing  trending  N.  35^  W.  Many  well-developed  fissuies 
are  present,  striking  N.  45*^  £.  and  nearly  vertical  or  dipping  steeply  to  the  northwest. 
These  are  filled  with  iron-stained  shattered  quartz.  Such  veins  range  in  thickness 
from  a  fraction  of  an  inch  to  a  foot  or  more.  There  is  great  irregularity  Id  these  quartz 
stringers,  most  of  them  thickening  in  places  and  thinning  in  others^  also  stringers 
run  out  into  the  country  rock.  Iroo-stained  fault  planes  striking  N.  18^  W.  and 
dipping  64^  £.  cut  both  the  country  rock  and  the  quartz  stringers,  and  along  these 
there  is  little  or  no  quartz  but  considerable  iron-stained  gouge  material 


n Mertie,  J.  B.,  Jr.,  Lode  and  plaoer  miniAg  on  Seward  PeninBola,  V.  S.'Geol.  Survey  Bull.  662,  p.  483, 
1917. 
n  Idem,  p.  438. 
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The  scheelite  occurs  for  the  most  part  along  the  aideB  of  quartz  stringen  and  dia- 
Beminated  in  the  mica  achut  Locally  the  echeelite  is  present  in  the  quartz.  It  ia 
reported  that  gold  occurs  in  the  iron-etained  schist  outside  of  the  zone  of  scheelite 
mineralization,  but  no  gold  is  reported  to  have  been  found  in  the  scheelite-bearing 
rock.  Besides  scheelitCi  however,  arsenopyrite,  pyiite,  and  galena  are  found  in  the 
form  of  later  veinlets  definitely  cutting  the  quartz. 

It  is  said  by  the  owners  that  the  belt  of  scheelite  mineralization  is  about  50  feet 
wide  and  has  so  far  been  traced  about  600  feet  in  each  direction  from  the  open  cut. 
The  trend  of  this  zone  appears  to  be  that  of  the  iron-stained  quartz  veins  and  stiingen— 
that  is,  about  N.  45*  £.  The  northviest  side  oi  the  lode  is  reported  to  cany  more 
scheelite  than  the  other  side.  Two  shafts— one  32  feet  deep,  northeast  of  the  open  cut, 
and  the  other  28  feet  deep,  southwest  of  the  cut — ^have  been  driven  to  asootain  the 
value  of  the  ore  along  the  lode.  It  is  said  that  these  shafts  show  a  higher  content  of 
scheelite  in  depth  than  at  the  surface. 

The  writer  can  supplement  the  above  description  by  his  own 
observations.  The  veins  are  all  contemporaneous,  cut  the  schist  in 
all  directions,  and  form  complex  patterns  on  the  walls  of  the  cut. 
They  are  of  the  quartz-feldspar  and  quartz-calcite  types,  are  badly 
shattered,  and  crumble  under  the  pick.  Adjacent  to  the  quartz  and 
extending  several  inches  or  a  foot  from  the  vein  the  schist  is  intensely 
iron-stained,  having  the  appearance  of  hematite.  YThere  the  veins 
are  close  together  the  entire  body  of  intervening  schist  may  be  so 
altered.  Arsenopyrite,  galena,  and  pyrite  occur  in  veinlets  through 
the  quartz.  Arsenopyrite  is  also  seen  in  the  wall  rock  of  the  vein 
and  is  probably  the  mineral  from  which  the  hematite  is  derived. 
The  ironnstained  and  highly  mineralized  schist  is  said  to  carry  gold. 
A  specimen  of  scheelite-bearing  quartz  vein  material  from  this  locality 
showed  the  scheelite  to  be  yellowish  brown  and  the  quartz  clear  and 
colorless.    White  calcite  is  a  prominent  constituent  of  the  vein  rock. 

At  the  mouth  of  Sophie  Gulch  a  tunnel  has  been  driven  on  a  quartz- 
feldspar  vein  in  a  zone  of  mineralized  and  highly  iron-stained  schist. 
The  tunnel  is  caved  and  inaccessible.  Vein  material  on  the  dimip 
contains  arsenopyrite. 

Just  east  of  the  mouth  of  Sophie  Gulch  a  hydraulic  pit  on  the 
south  side  of  Rock  Creek  exposes  highly  mineralized  chlorite  schist 
that  strikes  N.  40°  E.  and  dips  20°  E.  The  schist  is  cut  by  23  quartz 
veins  from'  1  to  8  inches  wide  in  an  exposed  width  of  28  feet.  The 
veins  are  roughly  parallel  and  alined  about  with  the  strike  of  the 
schist.  Arsenopyrite,  galena,  and  stibnite  were  observed  in  the  veins, 
which  are  of  the  open-textured  quartz-feldspar  type.  The  schist  is 
mineralized,  and  hematite  occurs  along  the  vein  walls.  Concentrates 
from  the  sluice  boxes  at  this  pit  are  chiefly  scheeUte',  quartz,  and  schist. 
Placer  gold  with  very  delicate  structure  and  attached  to  quartz  also 
occurs  and  is  undoubtedly  derived  from  a  local  bedrock  source. 

Half  a  mile  above  Sophie  Gulch,  on  the  south  bank  of  Rock  Creek, 
a  tunnel  is  driven  S.  55°  E.  in  chlorite  schist.  The  working  is  inac- 
cessible.   Ore  on  the  dump  is  quartz-feldspar  vein  material  contain- 
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ing  arsenopyrite  and  pyrite.  The  schist  adjacent  to  the  quartz  is 
impregnated  with  fresh  sulphides  and  is  in  all  probability  the  equiva- 
lent of  the  hematitic  schist  which  is  of  common  occurrence  on  Rock 
Creek  and  which  pans  gold  in  many  localities.  The  arsenopyrite 
mineralization  seems  to  have  been  later  than  the  vein  and  probably 
followed  the  same  fissure  as  the  quartz. 

Two  openings  have  been  made  on  quartz  veins  on  Gold  Hill,  in 
the  Snake  River  valley  between  Monument  and  Thompson  creeks. 
At  an  elevation  of  about  150  feet,  opposite  the  mouth  of  Rock 
Creek,  an  open  cut  exposes  a  vein  of  the  quartz-feldspar  type.  No 
sulphides  were  observed  in  the  quartz,  but  it  is  said  to  assay  $3.50 
to  the  ton  in  gold.*  The  country  rock  is  much  contorted  quartz- 
chlorite  schist,  which  in  the  vicinity  of  the  vein  is  highly  iron-stained 
and  is  said  to  pan  free  gold.  The  vein  is  about  2  feet  thick,  strikes 
N.  25°  W.,  and  dips  south.  The  attitude  of  the  vein  is  conformable 
with  the  structure  of  the  schist,  being  very  irregular  and  changing 
from  horizontal  to  vertical  where  exposed.  Small  quartz  veinlets 
ramify  through  the  decomposed  schist  in  the  vicinity  of  the  vein. 
Near  the  top  of  the  hill  a  trench  exposes  a  similar  vein  in  highly 
decomposed  and  iron-stained  schist. 

On  the  north  bank  of  Albion  Creek,  tributaiy  to  Rock  Creek,  a 
shaft  said  to  be  50  feet  deep  has  been  sunk  on  a  quartz  vein.  The 
shaft  is  now  partly  filled  with  water.  No  vein  is  in  sight,  and  only 
a  little  quartz  and  some  slightly  mineralized  schist  appear  on  the 
dump.  The  vein  is  said  to  have  given  assays  of  $120  a  ton  in  gold 
but  to  have  pinched  out.  No  work  has  been  done  on  the  property 
for  years.  The  country  rock  is  chlorite  schist.  Quartz  stringers 
are  abundant  in  the  schist  at  this  locality. 

Two  openings  have  been  made  in  schist  and  in  vein  quartz  at  the 
mouth  of  Good  Luck  Gulch,  a  tributary  of  Snake  River  from  the  east 
3  miles  north  of  Rock  Creek.  The  southerly  opening  consists  of 
a  40-foot  trench  trending  N.  75°  W.  The  banks  of  the  trench  are 
caved,  and  no  rock  is  exposed  in  place.  The  schist  is  highly  iron- 
stained  and  decomposed.  Some  quartz  vein  material  occurs  on  the 
dump,  and  several  sacks  of  ore  apparently  from  this  working  are 
stacked  on  the  river  bank  near  by.  The  material  is  highly  min- 
eralized. Pyrite  and  arsenopyrite  occur  in  a  gangue  of  quartz  and 
calcite,  through  which  muscovite  in  small  flakes  is  scattered  in 
considerable  amoimt.  Arsenopyrite  is  the  more  abimdant  of  the 
sulphides.  A  single  small  crystal  of  scheelite  is  seen  in  thin  section. 
In  hand  specimen  the  rock  is  blue  and  calcareous.  It  is  probably  a 
replaced  limestone,  but  there  is  no  field  evidence  to  verify  this 
conclusion. 

Several  pits  along  the  strike  of  the  lode  expose  no  rock  in  place. 
Material  on  the  dimip  includes  iron-stained  schist  and  a  little  banded 
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quartz  rock  containing  pyrite  and  similar  in  appearance  to  the  copper 
ores  of  Copper  Mountain  (p.  217).  The  bedrock  occurrence  of  this 
material  can  not  be  seen. 

About  100  yards  north  of  these  pits  a  trench  30  feet  long  is  driven 
N.  85**  W.  along  the  strike  of  a  vein  which  dips  70®  S.  The  vein  is 
almost  covered  by  debris.  Where  exposed  it  is  1  foot  wide  at  the 
surface  and  3  inches  wide  where  it  disappears  in  the  trench  floor. 
Material  on  the  dump  indicates  that  the  vein  may  have  had  a  thick- 
ness of  3  or  4  feet  in  one  place.  The  vein  is  of  the  quartz-feldspar 
type  and  shows  openings  lined  with  quartz  crystals.  Pyrite  and 
arsenopyrite  occur  through  the  quartz.  The  including  rock  is 
highly  mineralized  quartz-mica  schist  that  strikes  N.  75®  W.  and 
dips  25®  N. 

Many  of  the  streams  tributary  to  Nome  River  from  the  west 
between  Alpha  Creek  on  the  south  and  Last  Chance  Creek  on  the 
north  carry  axiriferous  gravels,  and  these  have  locally  yielded  much 
placer  gold.  These  creeks  therefore  apparently  traverse  a  zone 
which  is  locally  auriferous  about  8  miles  in  length  and  2  miles  in 
maximum  width.  More  accurate  evidence  of  bedrock  mineraliza- 
tion has  been  found  at  many  localities  in  the  form  of  auriferous 
zones  and  small  quartz  veins.  Moffit  ^  in  1906  noted  the  presence 
of  mineralized  bedrock  in  this  zone  as  follows: 

A  large  amount  of  highly  mineralized  quartz  is  present  in  schist  exposures  south 
of  Good  Luck  Gulch.  The  quartz  is  much  crushed  and  in  general  occurs  as  stringers, 
although  at  one  place  a  mass  4  or  5  feet  wide  is  exposed  in  a  small  outcrop.  A  prospect 
hole  shows  much  rotten  iron-stained  quartz.  The  schist  also  is  filled  with  iron  oxide, 
in  which  some  pyrite  still  remains.    Panning  shows  the  presence  of  gold. 

Several  quartz  veins,  the  largest  of  which  is  about  5  inches  thick,  occur  near  the 
mouth  of  Boulder  Creek.  Assay  values  of  $3  to  $4  a  ton  in  gold  were  obtained  from 
samples  taken  here. 

On  Pioneer  Gulch  the  best  ground  of  the  residual  placers  occurs  just  below  a  numb^ 
of  small  quartz  stringers  cutting  the  schist  bedrock.  One  of  these  stringers  3  inches 
thick  showed  considerable  free  gold.  Siznilar  occurrences  are  known  in  other  parts 
of  the  r^on,  but  nowhere  has  the  number  or  size  of  the  mineralized  veins  been 
sufficiently  great  to  constitute  an  ore  body. 

Moffit  ^"  noted  the  presence  of  scheelite  and  hematite  pebbles 
associated  with  the  placer  gold  of  Bangor  Creek,  which  contained 
fragments  of  scheelite  weighing  half  a  poimd.  The  placers  of  Last 
C!hance  Creek,  he  states,  carry  scheelite,  hematite,  magnetite,  and 
pyrite. 

In  1907  Claus  Rodine  found  a  gold-bearing  ledge  on  Twin  Mountain 
Creek.  Since  then  gold-bearing  lodes  have  been  foimd  at  a  number 
of  other  localities  in  this  belt.  The  general  features  of  the  bedrock 
geology  are  simple,  for  the  belt  is  made  up  almost  entirely  of  schist, 

n  Mofflt,  F.  H.,  OeaHogy  of  the  Nome  md  Orand  Central  quadimnglet,  Alaska:  U.  S.  a«oL  Survey  Bull. 
683,  p.  131, 1013. 
n  Idem,  p.  87. 
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which  here  and  there  includes  some  beds  or  lenses  of  limestone. 
There  are,  however,  considerable  local  variations  in  the  geology,  for 
the  schist  includes  feldspathic,  micaceous,  chloritic,  and  graphitic 
varieties.  The  schists  in  general  trend  north  and  are  closely  folded 
and  much  faulted.  The  evidence  in  hand  goes  to  show  that  the 
mineralized  zones  are  in  general  parallel  to  the  schist,  though  there 
are  some  local  variations  from  this  strike. 

Alpha  Creek,  the  most  southerly  of  the  streams  in  this  belt,  has 
produced  considerable  placer  gold.  This  gold  is  but  little  worn  and 
probably  of  local  bedrock  derivation.  The  creek  is  cut  in  gravel, 
and  the  country  rock  is  exposed  only  where  a  small  area  has  been 
cleaned  in  mining.  The  bedrock  exposed  is  chiefly  quartz-mica  schist 
and  is  well  mineralized.  Many  quartz  stringers  cut  the  schist. 
The  quartz  is  of  a  clear  vitreous  granular  variety  containing  some 
fresh  and  considerable  decomposed  sulphide.  A.  C.  Stewart  is  said 
to  have  had  $12  assays  on  some  of  these  stringers,  but  a  composite 
sample  of  the  quartz  veinlets  assayed  for  the  Survey  did  not  show 
any,  gold  content.  A  little  limestone  and  a  little  quartz  from  a 
lai^er  vein  than  any  seen  occurs  in  the  wash,  but  the  gravel  consists 
largely  of  the  local  schist  and  quartz  stringer  material.  This  occur- 
rence would  appear  to  be  assignable  to  local  quartz  veins  in  schist 
bedrock,  but  the  veinlets  that  would  logically  seem  to  be  the  source 
gave  negative  returns  when  assayed.  Either  the  gold  is  not  uni- 
formly disseminated  through  the  quartz  or  it  is  concentrated  in 
certain  veins.  It  is  quite  probable  that  the  gold  may  have  come 
from  the  mineralized  schist  and  not  from  quartz  veins. 

There  has  been  more  prospecting  of  lodes  on  Boulder  Creek  and 
its  tributary  Twin  Mountain  Creek  than  in  any  other  part  of  this 
belt.  Here  a  large  group  of  claims  was  located  in  1915  by  W.  L. 
Cochrane  and  Claus  Rodine,  of  the  Dakota-Alaska  Mining  Co.  This 
and  other  groups  extend  from  Alpha  Creek  on  the  south  across 
Sledge  and  Boulder  creeks  and  up  Twin  Mountain  Creek  nearly  to  its 
head.  Another  group  of  lode  claims  covers  much  of  the  valley  of 
Boulder  Creek. 

A  vein  of  quartz  has  been  opened  on  the  north  slope  of  Sledge 
Creek  about  1^  miles  above  its  mouth  (fig.  19).  This  vein,  as  shown 
in  a  cut  about  20  feet  long,  is  about  2  feet  wide,  strikes  N.  40^  E., 
and  dips  70^  E.  It  is  made  up  of  quartz  and  orthoclase  feldspar. 
Some  masses  of  feldspar  measuring  several  inches  were  seen  in  the 
vein.  The  quartz  is  iron-stained,  but  no  sulphides  were  observed 
in  it. 

Mertie  ^°  has  described  the  lodes  of  Boulder  Creek  as  follows: 

A  number  of  lode  claims  on  Boulder  Creek  owned  by  W.  L.  Cochrane  and  Claus 
Rodine  are  being  prospected.    The  Boulder  lode,  embracing  several  of  these  claims, 

1*  Op.  dU,  pp.  427-439. 
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ifl  on  the  southwest  side  of  Boulder  Creek  at  an  elevation  of  about  250  feet.  Devdop- 
ment  work  on  this  lode  up  to  November,  1916,  consisted  of  a  tunnel  driven  92  feet 
into  the  hillside  on  the  southwest  side  of  the  creek.  The  direction  of  the  tunnel, 
60°  W.,  is  about  the  same  as  that  of  the  cleavage  in  the  schistose  rock.  The  rock 
through  which  the  tunnel  is  being  driven  is  a  much  altered  schist,  heavily  impre^ 
nated  by  iron-bearing  solutions  and  cut  by  numerous  veins  and  lenses  of  white, 
opaque  quartz  and  also  by  thin  stringers  of  limonitic  material. 

It  is  apparent  that  the  gold  in  the  tunnel  has  a  genetic  relation  to  the  iron  minerals, 
but  it  is  not  believed  by  the  writer  that  the  white,  opaque  quartz  had  any  direct 
connection  with  the  gold  mineialization,  for  the  quartz  shows  the  effects  of  shattering 
and  iron  impregnation  in  a  measure  compaxable  with  the  schist  itsell  and  therefcffe 
was  present  prior  to  the  mineralization.  The  presence  of  the  white,  opaque  quartz 
is  believed  to  be  merely  fortuitous,  thoug}i  it  may  have  had  an  indirect  influence  on 
the  mineralization  by  assisting  mechanically  or  chemically  in  the  precipitation  from 
the  mineralizing  solutions. 

The  only  quartz  seen  by  the  writer  other  than  the  white,  opaque  quartz  was  a  vein- 
let  of  clear  granular  quartz,  about  three-eighths  of  an  inch  thick,  near  the  face  of  the 
tunnel.  Evidently  the  mineralization  took  place  with  very  little  deposition  of  silica 
by  the  auriferous  solutions. 

About  50  pounds  of  stibnite  was  taken  from  an  open  cut  at  the  surface  a  short  dis- 
tance west  of  the  tunnel.  Scheelite  in  well-developed  crystal  outline  has  also  been 
found  in  the  white  quartz  in  the  tunnel.  It  is  rather  likely  that  the  scheelite  repre- 
sents another  stage  in  this  mineralization,  or  possibly  an  entirely  different  period  of 
mineralization. 

At  the  time  of  the  writer's  visit  to  this  lode  the  tunnel  had  been  driven  85  feet, 
and  although  there  was  much  evidence  of  mineralization  in  the  iron-stained  schist 
sulphides  in  any  notable  amount  had  not  been  found.  Subsequently,  in  further 
driving  of  the  tunnel,  sulphide  ore  was  encountered  in  the  lode  material.  Sx>ecimen8 
of  the  last  material  taken  from  the  tunnel  were  sent  to  the  writer  by  Mr.  Rodine  and 
prove  to  contain  both  pyrite  and  arsenopyrite. 

The  Boulder  lode  is  similar  in  many  respects  to  the  California  quartz  lode  on  Gold- 
bottom  Creek — ^that  is,  it  is  a  lode  of  the  disseminated  type — a  mineralized  body 
lying  probably  in  a  zone  of  shearing.  Mr.  Bodine  says  that  the  trend  of  the  lode,  or, 
in  other  words,  of  this  zone  of  disturbance,  is  about  N.-3°  £.  If  this  is  the  correct 
direction  of  the  lode,  it  would  appear  that  the  tunnel  has  crosscut  about  76  feet  of  the 
mineralized  zone,  and  in  striking  the  sulphide  ore  the  tunnel  is  probably  entering 
the  higher-grade  ore. 

Assays  have  been  made  about  every  10  feet  in  this  tunnel,  and  these,  known  in  a 
general  way  to  the  writer,  are  considered  faivorable  in  so  large  a  body  of  mineralized 
rock.  If  the  assays  are  reliable,  there  is  here  evidently  a  good-sized  body  of  low-grade 
ore.  Yet  the  owners  should  do  a  great  deal  more  prospecting  on  the  lode,  particulariy 
drill-hole  prospecting,  to  determine  its  width  and  extension  before  making  preparations 
for  a  milling  plant. 

On  the  northeast  side  of  Boulder  Creek  another  tunnel  35  feet  long  has  been  driven 
on  the  Dakota  lode,  which  embraces  13  claims.  The  country  rock  here  is  limestone, 
with  a  minimum  of  iron  staining  and  practically  no  sulphides.  Veins  of  white, 
opaque  quartz  and  of  calcite  are  present,  but  there  seems  to  be  little  indication  of  any 
intense  mineralization. 

Bedrock  is  uncovered  in  a  pit  in  the  creek  bed  on  claim  No.  1  below  Discov^y, 
Boulder  Creek.  The  country  rock  is  an  iron-stained  schist,  the  cleavage  of  which 
strikes  N.  60^*  W.  and  dips  SO"*  SW.  A  faiult  zone  trending  N.  SO"*  W.  and  dipping 
southwest  cuts  through  the  schist  at  this  locality.  A  vein  of  the  white  quartz  near  by 
strikes  N.  60^  £.  and  dips  steeply  northwest.    The  fault  zone  is  greatly  iron 
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and  cut  by  limonitic  stringeiB.    This  material  pans  gold,  and  some  very  rich  pieces  of 
gold-beariiig  white  quartz  have  been  taken  from  this  locality. 

An  open  cut  on  the  northeast  side  of  Boulder  Creek  farther  downstream  has  exposed 
a  good-sized  ledge  of  the  white  quartz.  This  is  chiefly  of  interest  on  account  of  the 
presence  of  pyrite  and  pyrrfaotite  together  in  the  quartz,  the  pyrrhotite  being  much 
lees  plentiful  in  the  Nome  district  than  pyrite  or  arsenopyrite. 

When  the  writer  examined  this  locality  the  mine  workings  were  not 
accessihle,  but  he  was  able  to  make  more  detailed  observations  on 
some  of  the  bedrock  geology  than  Mertie. 

A  20-foot  cut  in  the  hillside  near  the  mouth  of  Boulder  Creek  on  the 
north  bank  exposes  a  quartz  vein.  The  country  rock  is  chlorite  schist, 
striking  N.  15°  £.  and  dipping  15°  £.,  which  is  highly  contorted  and 
shows  considerable  decomposed  sulphide.  The  vein  occurs  as  several 
stringers  which  in  part  cut  across  and  in  part  conform  with  the  schis* 
toeity.  It  swells  to  a  foot  in  width  and  pinches  to  a  few  inches  within 
a  few  feet.  It  is  of  the  quartz-calcite  type.  No  mineralization  was 
observed. 

On  the  north  bank  of  Boulder  Creek  about  200  yards  below  the 
mouth  of  Twin  Mountain  Creek  a  35-foot  tunnel  is  driven  in  limestone. 
Several  small  stringers  of  quartz  and  calcite  are  intersected.  Pyrite 
occurring  in  calcite  is  the  only  metallic  mineral  observed. 

Near  the  mouth  of  Twin  Mountain  Creek  and  on  the  east  bank  two 
tunnels  have  been  driven  on  veins  of  the  quartz-calcite  type.  One 
is  caved  and  inaccessible;  the  other,  40  feet  long,  is  driven  in  chlorite 
schist  and  exposes  a  quartz-feldspar  vein  15  feet  from  the  portal. 
This  vein  swells  from  1  inch  to  1  foot  in  thickness  and  pinches  to  a 
stringer  within  4  feet.  Pyrite  and  a  little  arsenopyrite  occur  in  vein- 
lets  through  the  quartz,  and  scheelite  is  said  to  be  a  constituent  of  the 
vein.  The  tunnel  is  driven  S.  85°  E.  The  schist  strikes  N.  5°  E. 
and  dips  east.  The  vein  in  general  conforms  with  the  strike  and  dip 
of  the  schist. 

The  bedrock  of  Twin  Mountain  Creek  is  schist  for  several  daims 
above  the  mouth.  The  gold  it  contains  is  hardly  assignable  to  the 
influence  of  limestone,  but  rather  to  quartz  veins,  which  are  plenti- 
ful. Miners  dasm  that  the  gold  comes  from  an  older  and  higher 
channel.  The  creek  is  incised  in  high  terraces  which  merge  with 
the  terraces  of  Boulder  Creek. 

The  Boulder  lode  is  on  the  south  side  of  Boulder  Creek  about  a 
quarter  of  a  mile  above  the  mouth  of  Twin  Mountain  Creek.  The 
workings  consist  of  the  tunnel  described  by  Mertie  and  a  shallow 
shaft.  Both  are  now  caved  and  inaccessible.  The  lode  is  evidently 
a  shear  zone  in  schist.  The  schist  is  highly  stained  with  iron  oxide, 
and  some  quartz  occurs  in  stringers  through  it.  To  judge  from  the 
alinement  of  the  workings  and  from  traceable  scars  in  the  hills  north 
of  Boulder  Creek  valley,  the  strike  of  the  lode  is  about  north. 
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Limestone  both  underlies  and  overlies  the  schist  zone  of  the  lode, 
which  is  about  100  feet  wide.  The  underlying  limestone  shows  close 
folding  both  along  its  strike  and  along  its  dip,  a  feature  which  is  well 
shown  on  the  differentially  weathered  fracture  surfaces  of  the  beds. 
The  stratigraphic  position  of  the  mineralized  schist  zone  is  shown 
by  exposures  along  a  ditch  in  the  creek  bank.  West  of  the  lode  lime- 
stone inmiediately  overlies  it.  The  limestone  strikes  N.  10^  £.  and 
dips  20°  W.,  thus  conforming  in  general  with  the  strike  of  the  lode. 
Overlying  this  limestone,  wh^ch  is  50  feet  or  more  thick,  schist  pre- 
dominates in  the  section  to  the  head  of  Boulder  Creek.  One  con- 
siderable bed  of  limestone  occurs  about  half  a  mile  to  the  west,  but  it 
dips  east  and  may  be  the  same  limestone  which  overlies  the  lode, 
duplicated  by  folding.  To  the  east  of  the  lode  the  series  is  predom- 
inantly limestone,  with  interbedded  schist.  The  limestone  occurs  in 
thicknesses  of  50  to  100  feet,  and  its  structural  relations  are  complex. 
East,  west,  and  northeast  dips  are  recorded  within  a  few  hundred 
feet.    The  included  beds  of  schist  are  well  mineralized. 

Apparently  the  lode  represents  a  zone  of  shearing  in  the  schist  at 
the  contact  of  a  zone  which  is  predominantly  limestone  with  a  zone 
which  is  predominantly  schist.  The  limestone  near  the  lode  is  com- 
pletely marmarized  and  shows  intense  deformation  in  detail  and 
everywhere  a  complexity  of  structure.  No  doubt  shearing  occurred 
along  all  the  schist  zones  in  the  limestone,  for  they  are  well  mineral- 
ized, but  the  greatest  adjustment  occurred  at  the  margin  of  the 
limestone  mass,  and  this  became  the  most  favorable  opening  for 
later  mineralizing  solutions. 

The  lode  rock  is  quartz-mica  schist,  in  which  chlorite  and  musco- 
vite  are  abundant.  Quartz  is  not  present  in  any  great  amount.  The 
material  on  the  dump  is  of  the  later  open-textured  quartz-calcite 
vein  type.  Sulphides  are  abundant  in  the  schist  and  occur  also  in 
the  quartz  and  limestone  and  in  calcite  veins  in  the  limestone.  Py- 
rite  is  most  common.  Both  pyrite  and  arsenopyrite  occur  as  veinlets 
in  the  quartz.    Mertie  reports  stibnite  in  the  lode. 

The  lode  in  many  respects  is  similar  to  that  occurring  on  Gold- 
bottom  Creek.  Two  ''runs  of  gold"  are  claimed  for  placers  of  Boul- 
der Creek.  Rough  gold  occurs  below  the  point  where  the  creek  cuts 
the  Boulder  lode  and  is  thought  to  be  derived  from  the  lode.  The 
creek  gold  above  the  lode  is  fine  and  is  assigned  to  the  old  stream 
gravels  of  the  terraces  that  occur  along  the  slopes. 

The  Lilly  lode  is  on  the  saddle  at  the  head  of  Twin  Mountain 
Creek  (fig.  19).  Here  a  shallow  trench  at  the  limestone  and  schist 
contact  exposes  limestone  cut  by  quartz  veinlets  and  some  iron- 
stained  graphitic  quartz  schist.  The  limestone  is  somewhat  silicified 
and  shows  decomposed  pyrite  in  places,  but  no  other  sulphide  was 
seen. 
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A  few  hundred  feet  west  of  this  locality  a  12-foot  drift  is  run 
along  a  quartz  vein  in  limestone*  The  limestone  is  an  outlier  on  the 
schist  and  covers  only  an  acre  or  so.  No  mineralized  rock  was  seen 
^n  place,  but  a  little  mineralized  quartz  occurring  in  veinlets  of 
^-inch  size,  closely  spaced  and  parallel  to  the  lamination  of  car- 
bonaceous schist,  contains  pyrite,  malachite,  and  probably  chalco- 
pyrite.  The  relations  of  these  minerals  to  the  country  rock  could 
not  be  determined. 

Considerable  placer  gold  has  been  mined  on  Pioneer  Gulch,  2 
miles  north  of  Bangor  Creek.  Here  the  bedrock  is  not  exposed,  but 
Moffit  has  described  the  placers  as  being  of  residual  origin.  The 
alluvial  gold  is  angular,  and  some  of  it  is  attached  to  quartz,  indi- 
cating its  source  in  the  near-by  bedrock.  An  old  shaft  on  the  creek 
bank  is  inaccessible,  but  to  judge  by  the  material  on  the  dimip  it 
was  opened  on  a  quartz-calcite  vein  of  the  open-textured  type,  con- 
taining a  little  pyrite  and  arsenopyrite. 

Last  Chance  Creek,  where  there  has  been  considerable  placer 
mining,  is  2  miles  northwest  of  Pioneer  Gulch.  Here  Moffit  noted 
the  occurrence  of  scheelite.  Near  the  mouth  of  Waterfall  Creek,  a 
tributary  to  Last  Chance  from  the  north,  are  exposed  quartz  veins 
which  cut  chloritic  schist.  The  schist  is  highly  folded,  contorted, 
and  fractured,  and  dips  in  general  about  45°  NE.  Opaque  quartz 
of  the  later-vein  type  containing  a  little  pyrite  occurs  in  veins  from 
1  inch  to  1  foot  wide  along  a  shear  zone  in  the  schist.  The  zone 
strikes  in  general  east  and  dips  north.  The  quartz  veins  both  follow 
and  cut  across  the  schistosity  of  the  country  rock.  They  are  con- 
temporaneous, as  they  do  not  offset  or  terminate  one  another  but 
merge.  This  type  of  vein  occurrence  becomes  prominent  farther 
south  in  the  Snake  River  valley.  The  Christophosen  antimony  lode, 
at  the  head  of  Waterfall  Creek,  has  been  described  on  page  231. 

The  California  quartz  lode  is  on  Henry  Gulch,  a  small  tributary 
of  Goldbottom  Creek  about  half  a  mile  from  the  Goldbottom-Moun- 
tain  Creek  divide.  It  is  20  miles  north  of  Nome  (fig.  19).  The 
developments  consist  of  a  70-foot  shaft  sunk  on  an  incline  of  60^ 
and  a  12-foot  open  cut  in  the  creek  bank.  The  shaft  is  said  to  have 
been  sunk  on  the  lode  and  to  have  left  the  lode  at  a  depth  of  33  feet. 
It  was  filled  with  water  at  the  time  of  the  writer's  visit,  and  the  lode 
was  exposed  only  in  the  open  cut.  The  property  is  equipped  with 
a  stamp  mill  having  a  theoretical  capacity  of  10  to  12  tons  in  24 
hours.  Water  power  is  supplied  by  a  ditch  3  miles  long,  with  intake 
on  Fred  Gulch.  The  mill  equipment  consists  of  a  Blake  Hercules 
jaw  crusher,  a  battery  of  three  1,000-pound  stamps,  and  a  Pinder 
table.  Most  of  the  gold  is  recovered  on  the  plates,  the  table  having 
proved  unsatisfactory,  owing  to  sliming  of  the  ore.  No  ore  has 
been  milled  for  several  years,  and  the  equipment  is  not  in  the  best 
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state  of  repair.  Practically  no  work  has  been  done  here  since 
Mertie's  visit  in  1916.  The  lode  occurs  along  a  shear  zone  in  the 
Nome  schist,  about  300  feet  from  the  limestone  area  of  which  Mount 
Distin  is  a  part.    Mertie  ^  describes*  the  lode  as  follows: 

The  lode  matter  consists  of  shattered  quartz  aad  country  rock,  which  are  heavily 
iron  stained  and  mineralized.  The  ore  body  lies  along  a  shear  zone,  which  has  a 
genend  strike  of  N.  15^  W.  The  shearing  seems  to  have  taken  place  along  a  number 
of  faults,  with  this  general  strike  and  with  variable  dips  to  the  northeast,  but  to  have 
been  concentrated  along  the  hanging-wall  side  of  the  shear  zone.  The  hAngit^  wall 
is  therefore  marked  by  a  well-defined  fault,  with  slickensided  walls.  Below  the  hanging 
wall,  for  about  4  feet,  the  lod^  matter  is  greatly  crushed,  iron  stained,  and  mineralized, 
and  it  is  from  this  part  of  the  lode  that  the  ore  has  so  far  been  taken.  The  footwall  is 
not  well  defined,  the  lode  meiging  gradually  into  the  country  rock  on  that  side. 

The  country  rock  in  this  vicinity  is  chlorite  and  sericite  sdiist,  with  oonsidenble 
graphitic  slate  and  some  thin  bands  of  limestone.  These  rocks  contain  a  system  of  old 
quartz  veins,  which  are  parallel  to  one  another  and  lie  conformably  with  the  cleavage 
of  the  schist,  striking  N.  40^  E.  and  dipping  50^  SE.  The  shear  zone,  which  strikes 
N.  15^  W.,  cuts  diagonally  across  the  quartz  veins,  and  the  character  of  the  lode  matter 
is  therefore  variable.  At  one  locality  it  may  be  entirely  the  red,  iron-stained  shattered 
schist;  at  another  it  may  be  dominantly  the  minendiaed  vein  quartz.    *    *    • 

The  lode  system  is  crosscut  by  the  creek  and  well  exposed.  The  mineralizing 
solutions  were  effective  for  a  considerable  distance  laterally,  for  the  iron  staining  is 
plainly  apparent  for  300  feet  upstream,  from  the  lode  and  for  a  considerable  distance 
downstream.  The  owner  says  that  this  zone  of  shearing  may  be  traced  1  mile  to  the 
northwest  and  2  miles  to  the  southeast. 

Pyrite  and  anenopyrite  are  the  principal  minemlizing  agents,  but  here  and  there  a 
little  free  gold  may  be  seen.  In  tliis  as  well  as  in  most  other  gold  lodes  in  the  Nome 
district  very  little  quartz  has  been  introduced  with  the  mineralizing  solutions.  Stib- 
nite  is  reported  to  be  present  in  seams  2  inches  or  less  in  thickness,  but  these  were  not 
seen  by  the  writer.  Hydrous  manganese  oxide  is  present  in  the  gouge.  Molybdenum 
and  tungsten  also  are  reported  from  assays. 

The  4  feet  of  ore  along  the  hanging  wall  is  said  to  have  a  value  of  about  $50  a  ton,  as 
indicated  by  assays,  but  the  owner  has  been  able  to  obtain  only  from  $8  to  |10  a  ton 
from  the  plates.  It  is  therefore  inferred  that  much  of  the  gold  is  either  mechanically 
intergrown  with  the  sulphides,  in  particles  of  microscopic  or  submicroscopic  size,  or 
chemically  combined  with  the  sulphides. 

Several  quartz  veins  1  to  3  feet  wide  that  crop  out  on  the  north  side 
of  the  creek  appear  to  he  on  the  strike  of  the  lode  and  a  part  of  it. 
On  the  north  hank,  75  feet  west  of  the  veins,  a  highly  mineralized 
schist  crops  out  which  has  no  counterpart  on  the. south  hank.  It  is 
said  that  the  fault  surface  of  the  lode  has  heen  traced  along  a  sinuous 
course  to  this  outcrop.  Microscopically  the  rock  is  found  to  be  a 
carbonaceous  quartz-muscovite  schist,  containing  considerable  chlo- 
rite and  a  little  sillimanite,  zircon,  and  tourmaline.  Sulphides  are 
abundant. 

Gold  is  said  to  occur  throughout  the  mineralized  schist  of  the  lode. 
The  schist  is  essentially  a  graphitic  quartz-mica  schist.     Both  mus- 
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coTite  and  biotite  are  present,  the  latter  largely  altered  to  chlorite. 
Pyrite  and  arsenopyrite  are  plentiful. 

No  quartz  ore  was  seen  in  place,  but  a  sample  of  the  better  grade 
of  gold-bearing  quartz  taken  from  the  shaft  was  given  to  the  writer. 
Microscopically  the  sock  is  seen  to  contain  some  oligoclase  feldspar, 
and  it  is  probably  related  to  the  quartz-feldspar  veins.  It  includes 
considerable  schist  and  in  places  is  essentially  schist  cut  by  quartz. 
Free  gold  can  be  seen  in  the  quartz.  Arsenopyrite  and  pyrite  are 
abundant,  and  apparently  contemporaneous  with  the  quartz.  String- 
ers of  quartz  that  cut  the  sdust  are  of  the  later  vein  type  but  were 
not  found  to  contain  feldspar. 

About  1  mile  below  the  California  quartz  lode  mine,  on  the  west 
bank  of  Goldbottom  Creek,  a  60-foot  tunnel  is  driven  in  chlorite 
schist.  A  small  outcrop  of  quartz  occiu^  above  the  tunnel,  and 
several  stringers  of  vitreous  quartz  showing  a  little  pyrite  are  cut  by 
the  tunnel.    No  definite  lode  is  apparent. 

Two  small  timnels  have  been  driven  and  a  shallow  shaft  sunk  near 
the  head  of  Goldbottbm  Creek  on  the  south  bank  just  above  the 
forks.  All  the  workings  are  now  caved,  and  neither  the  lode  nor  the 
inclosing  rock  can  be  seen,  on  account  of  the  cover  of  moss  and  earth. 
Some  graphite  schist,  vein  quartz,  and  mineralized  siliceous  rock, 
probably  a  silicified  limestone,  lie  on  the  dumps,  also  some  limonitic 
gossan  material.  There  is  no  evidence  upon  which  to  judge  concern- 
ing the  size  of  the  vein  or  its  occurrence.  No  work  has  been  done 
here  for  years,  but  work  is  said  to  have  been  in  progress  for  a  consid- 
erable time. 

The  most  conspicuous  and  plentiful  material  on  the  dimips  is  the 
silicified  limestone,  in  which  considerable  sulphide  occurs.  The  rock 
abounds  in  openings  into  which  well-terminated  quartz  crystals  pro- 
ject. The  openings  are  in  general  parallel,  fissure-like,  and  discon- 
tinuous. Many  of  them  are  filled  with  calcite.  Pyrite  seems  to  be 
the  only  sulphide.  It  occurs  in  small  isolated  crystals,  in  nests,  and 
in  roughly  parallel  streaks.  The  sulphide  does  not  fill  the  openings 
but  occurs  through  the  quartz.  The  rock  is  noticeably  banded, 
owing  in  part  to  the  open  texture  and  calcite  filling  and  in  part  to  the 
arrangement  of  the  sulphides.  The  quartz  vein  material  indicates  a 
vein  of  the  later  type.  Openings  occur  in  it,  but  no  sulphide  was 
observed.  The  schist  is  of  a  graphitic  quartz  variety  in  which  the 
graphite  occurs  in  distinct  flakes.  No  sulphide  was  observed  in  the 
schist. 

Two  prospects  which  are  somewhat  north  of  the  Nome  district 
proper  are  of  interest  and  will  be  described.  One  of  them  is  on 
Buffalo  Creek,  a  headwater  tributary  of  Nome  River,  and  lies  well 
within  the  Kigluaik  Mountains.  The  other  is  in  Slate  Creek  valley, 
about  15  miles  to  the  east. 
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The  Buffalo  Creek  lode  is  on  the  west  slope  of  the  valley  about  1 
mile  from  the  mouth  of  the  stream.  It  is  a  quartz  vein  about  2  feet 
wide,  strikes  N.  45^  E.,  and  dips  south.  The  vein  follows  a  shear 
zone  in  schist  of  the  Kigluaik  group  and  ranges  in  dip  from  45^  to 
horizontal.  The  footwaU  is  much  sheared,  but  the  nearest  deter- 
minable wall  rock  is  biotite  schist.  The  vein  is  iron-stained  quartz 
but  shows  no  mineralization.  A  tunnel  is  driven  in  the  soft,  decom- 
posed schist  footwall  for  20  feet  parallel  to  the  ledge  but  does  not 
cut  it. 

The  deposit  on  Slate  Creek,  staked  under  the  name  ''Osmun  lode," 
is  described  by  Chapin  *^  as  follows: 

A  prospect  is  being  opened  on  Slale  Greek,  a  small  streain  which  flows  into  Kniz- 
gamepa  River  from  the  south  4  miles  east  of  Salmon  I.<ake.  The  lode  is  a  mineralized 
dike  cutting  greenstone.  The  rock  is  badly  weathered,  so  that  its  original  character 
is  in  doubt,  but  it  appears  to  have  been  a  fine-grained  quartz-feldspar  rock  in  which  all 
the  feldspar  is  now  replaced  by  seriate  and  kaolin.  The  dike  has  been  fractured  and 
filled  wiUi  ferruginous  caldte  that  has  partly  replaced  the  included  fragments  and  the 
walls.  A  later  fractoxing  of  the  lode  was  healed  by  irregular  veinlets  composed  of 
quartz  and  caldte  deposited  simultaneously.  No  assays'of  this  lode  were  made,  but 
small  amounts  of  gold  were  obtained  by  crushing  and  panning  the  rock.  The  ledge, 
which  is  about  3  feet  wide,  strikes  east  and  dips  70^  N. 

A  short  distance  south  of  the  open  cut  mentioned  is  an  outcrop  of  rock  which  appears 
to  be  another  dike  about  10  feet  thick  and  parallel  to  the  one  described.  It  is  an  ev^n- 
textured  rock  of  gray  color  and  very  fine  grain  and,  like  the  other  dike,  was  probably 
a  quartz-feldspar  intrusive.  Quartz,  the  only  original  mineral  now  found  in  it,  occurs 
with  a  finely  granular  mass  of  epidote.  Traversing  the  rock  in  many  directions  are 
irregular  veinlets  composed  mainly  of  a  green  silvery  micaceous  mineral  which  proves 
to  be  chlorite.  With  it  are  assodated  a  number  of  other  vein  minerals — quartz ,  albite, 
caldte,  epidote,  and  a  colorless  amphibole  which  is  probably  tremolite.  This  dike  is 
not  thought  by  the  fwoBpecton  to  be  of  economic  value,  and  work  has  therefore  been 
confined  to  the  other  lode. 

The  country  rock  is  a  fine-grained  greenstone.  It  is  evident  that  this  was  originally 
a  basic  igneous  rock,  but  it  has  been  entirely  recrystallized.  Green  hornblende  is  the 
most  conspicuous  mineral,  but  considerable  amounts  of  chlorite  and  epidote  are  pres- 
ent. Garnet  and  pyrite  are  abimdant  and  may  be  readily  seen  in  the  hand  specimen. 
Albite  fills  the  interspaces  and  indudes  rutile  and  titanite  and  fragments  of  other 
minerals. 

The  Steiner  lode  is  on  the  west  side  of  Penny  Riyer  about  4^  miles 
from  the  coast  of  Bering  Sea,  at  an  elevation  of  about  200  feet  (fig. 
19).  Here  a  shaft  has  been  sunk  105  feet  and  a  drift  run  220  feet 
N.  50^  W.  The  shaft  was  started  on  a  quartz-feldspar  vein  striking 
east,  which  is  not  now  exposed.  It  is  said  to  have  been  5  to  10  feet 
wide  and  traceable  for  1,000  feet  on  the  surface.  The  quartz  con- 
tinued to  a  depth  of  60  feet  in  the  shaft  and  then  dipped  north.  The 
shaft  was  continued  45  feet  and  a  drift  was  run  to  intersect  the  vein 
but  did  not  reach  it.  The  quartz  is  said  to  have  assayed  $7  a  ton  in 
gold.  The  drift  is  run  in  quartz-mica  schist  and  graphitic  quartz 
schist 


•>  Op.  dt.,  p.  405. 


METALLIFEROUS  LODES  US'  6EWABD  PEKIlTSITLAy  ALASKA.      257 


NORTON        S  O   U  N  JO 


NOME^ 


o 


2 


xGold 


3 


4 


6  MILES 


Iron  X  Zinc         ^  Antimony 


FioiTBE  10.— Map  showing  location  of  metalUferoos  lodes  northwiest  of  Nome.  1,  Alpha  Cre^k;  2,  Sledge 
Creek;  3,  Boulder  and  Dakoto;  4,  Lilly;  5,  Pioneer  Oulch;  6,  Waterfall  Creek;  7,  California;  8,  Steiner, 
9,  Mooaicb;  IQ,  Qaleiia;  11,  Mogul;  12,  America;  13,  Cub  Bear;  14, 15,  (aulst(v>ha8eD. 
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The  schist  at  the  end  of  the  drift  strikes  north  and  dips  45^  W.  A 
few  quartz  veins  and  several  shear  zones  have  been  cut,  but  no  defi- 
nite lode  has  been  encountered.  The  schist  in  places  is  highly  mm- 
eralized  and  shows  large  cubes  of  pyrite.  This  material  was  said  to 
be  gold-bearing,  but  an  assay  made  for  the  Geological  Survey  gave 
no  returns  for  gold.  Dust  so  covers  the  walls  of  the  drift  that  httle 
of  the  underground  structure  can  be  seen. 

laON  DBPOSITS. 

Several  groups  of  claims  have  been  staked  for  iron  deposits  in  the 
upper  basin  of  Cripple  River  and  in  the  adjacent  portion  of  Sinuk 
River  basin.  These  are  about  25  miles  northwest  of  Nome  (fig.  19). 
According  to  the  reconnaissance  surveys  ^  the  country  rock  of  the 
region  consists  of  schist,  broken  by  belts  of  heavy  limestone.  The 
iron  ore  occurs  chiefly  in  limestone  areas.  These  deposits  were  first 
described  by  Eakin,^  who.  made  his  examinations  in  1914,  soon  after 
they  were  discovered.  His  work  was  supplemented  by  examinations 
made  by  Mertie*^  in  1916.  Some  additional  notes  were  obtained  by 
the  writer  in  1920.  Eakin  describes  this  general  type  of  occurrence 
as  follows: 

The  iron-ore  deposits  coDsist  of  limonite  veins  and  stockworks  and  their  residual 
products.  Hematite,  galena,  pyrolusite,  and  small  quantities  of  gold  also  occur  as 
accessories  in  some  of  the  lodes.  The  examination  was  too  brief  to  permit  detailed 
studies,  but  the  general  impression  gained  is  that  there  had  been  strong  mineraliza- 
tion at  certain  localitie^^  and  that  the  mineralizing  agencies  had  affected  a  consider- 
able area. 

The  Monarch  group  of  15  claims  appears  to  have  had  more  devel- 
opment work  done  on  it  than  on  any  of  the  others.  Eakin  states 
that  this  group  covers  a  limestone  ridge  that  trends  eastward  between 
Sinuk  River  and  Washington  Creek.  He  describes  the  deposit  as 
follows:" 

It  covers  the  ridge  top  for  about  3,000  feet  and  extends  laterally  for  over  a  mile. 
Within  this  property  the  ridge  crest  is  broken  by  two  gaps  at  an  elevation  of  about 
1,000  feet  above  sea  level,  in  which  are  the  chief  deposits  of  iron  ore.  Elsewhere  the 
limestone  is  more  or  less  iron-stained  and  may  contain  small  ore  veinlets,  but  the 
average  iron  content  of  the  limestone  mass  may  be  too  low  to  permit  its  being  classed 
as  ore. 

The  east  gap  is  mantled  by  a  heavy  residual  deposit  of  limonite  and  hematite, 
derived  from  the  weathering  of  unusually  abundant  ore  veins  that  cut  the  underlying 
limestones.  The  residual  ores  have  also  slumped  down  into  the  head  of  the  gulch 
that  leads  northward  from  the  gap,  where  they  occur  in  considerable  amounts.  The 
veins  in  bedrock  beneath  the  gap  are  apparently  numerous  and  range  in  width  from  a 
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few  inches  to  about  30  feet.  They  are  approximately  vertical,  but  their  persistence, 
either  vertically  or  horizontally,  is  not  determinable  from  the  exposures. 

In  the  west  gap  there  is  no  important  accumulation  of  residual  ore.  The  under- 
lying limestone  is  cut,  however,  by  a  wide  stockwork  of  limonite  and  pyrolucdte 
veinlets.    No  heavy  veins  were  seen  at  this  locality. 

The  residual  deposits  of  the  east  gap  have  been  developed  over  an  area  approxi- 
mately 600  by  800  feet,  in  open  cuts  that  lange  hx>m  a  few  yards  to  several  hundred 
feet  in  length.  A  shallow  shaft  and  a  short  drift  have  been  driven  into  the  deposit 
in  the  head  of  the  northerly  gulch,  50  feet  below  the  gap  level.  An  open  cut  at  the 
south  maigin  of  the  gap  has  uncovered  a  mass  of  undisturbed  limonite,  apparently  a 
vein  30  feet  in  width,  cutting  the  limestone  country  rock. 

In  the  west  gap  several  short  open  cuts  have  been  made  in  loosened  bedrock  material 
which  contains  numerous  veinlets  of  Kmonite  and  pyrolusite.  Elsewhere  on  the 
claims  the  iron-stained  limestone  detritus  has  been  thrown  out  of  open  cuts  without 
revealing  any  high-grade  ores. 

The  residual  ore  of  the  east  gap  has  a  loose  granular  texture  and  a  high  iron  content, 
and  is  unusually  free  from  injurious  impurities.  Two  samples  taken  by  the  writer, 
one  from  an  open  cut  at  the  east  maigin  of  the  deposit  and  the  other  a  composite 
sample  from  a  line  of  open  cuts  400  feet  long  across  its  center,  were  found  to  contain 
53  and  55  per  cent  of  metallic  iron,  respectively.  The  complete  analysis  of  the  com- 
posite sample,  which  is  probably  fairly  representative  of  the  whole  deposit,  is  as 
follows: 

Analysis  of  composite  sample  of  iron  ore  from  Monarch  group  of  claims. 
(Analyst,  R.  C.  Wells,  United  States  Oeologfcal  Survey.] 


SiOa 5.53 

AljO, 1.34 

FoiO, 78.30 

MgO 10 

CaO 1.97 

HjO 10.40 

CO, 1.10 


TiOj None. 

P2O5 13 

S Trace. 

MnO L37 

BaO Trace. 


100.24 


The  iron,  manganese,  phosphorus,  and  sulphur  contents  of  the  ore,  calculated  from 
this  analysis,  are  as  follows:  Fe,  54.81;  Mn,  1.06;  F,  0.057;  S,  trace. 

No  samples  were  obtained  from  the  veins  from  which  this  residual  material  has 
been  derived.  The  character  of  the  ores  in  the  undistmrbed  veins  was  therefore  not 
determined. 

Only  qualitative  analyses  of  samples  taken  from  the  west  gap  were  made.  They 
contain  limonite  and  pyrolusite  in  about  equal  amount.  The  veinlets  appear  to 
comprise  only  a  small  part  of  the  general  mass  of  the  stockwork,  so  that  the  iron  and 
manganese  content  of  minable  material  is  probably  not  high. 

The  development  work  done  so  far  on  the  Monarch  property  has  ibiled  to  furnish 
an  adequate  basis  for  estimating  the  quantity  of  ore  available  in  either  the  residual 
deposits  or  the  underlying  veins.  The  size  and  extent  of  the  veins  for  the  most  part 
can  only  be  conjectured.  The  area  of  the  residual  deposits  is  fairly  well  outlined, 
but  their  depths  have  not  been  generally  demonstrated.  However,  it  seems  certain 
that  the  residual  high-grade  ores  aggregate  at  least  several  himdred  thousand  tons. 
Apparently  they  cover  an  area  600  by  800  feet  to  a  depth  of  several  feet.  In  places 
shafts  12  feet  deep  are  said  to  have  been  sunk  in  ore.  Although  ore  occurs  in  the  head 
of  the  northerly  gulch  50  feet  or  more  below  the  level  of  the  east  gap,  it  is  unsafe  to 
assume  that  the  divide  is  imderlain  by  ore  to  this  depth,  for  this  ore  is  apparently  not 
in  place  but  has  slumped  down  into  the  head  of  the  gulch  from  the  gap  above.  Obvi- 
ously additional  prospecting  will  be  required  to  determine  accurately  the  reserves  of 
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hi^-grade  vendtial  ores  and  to  demanstrsle  the  availability  of  the  imdiBtorbed  vein 
ores.  The  stockwork  of  the  west  gap  will  also  require  caxcful  in-vestigation  to  deter- 
mine  its  value.  The  relatively  higji  manganeee  content  of  the  veinleta  and  the 
reported  asBodation  of  gold  with  the  manganese  Btrengthens  the  poembility  that  this 
deposit  may  prove  of  commercial  value. 

The  limestones  on  the  property  away  from  the  gaps  contain  from  5  to  40  per  cent  of 
iron.  The  average  content  is  probably  nearer  the  lower  figure,  and  if  this  proves  true 
it  seems  doubtful  that  much  of  this  material  can  be  considered  as  commercial  ore. 

Mertie's  interpretation  of  the  facts  available  in  regard  to  this  ore 
body  is  in  general  accord  with  that  of  Eakin,  but  he  has  added  some 
further  details  as  follows: 

The  country  rock  is  limestone,  which  has  been  brecciated  and  replaced  by  limonite. 
Hematite  is  present  only  as  a  subordinate  constituent.  A  specimen  of  the  ore  taken 
frcHn  a  trench  at  the  head  of  Iron  Creek  shows  on  a  polished  surface  massive  limestone 
with  numerous  angular  inclusions  of  iron-stained  limestone,  residual  fragments  of  the 
shattered  country  rock.  Pyrolusite,  in  places  intergrown  with  calcite,  is  present  in 
veinletfl  that  cut  the  limonite  and  the  replaced  limestone.  These  relations  and  the 
probable  genesis  of  this  iron  deposit  ^ ill  be  discussed  more  full>  in  a  later  paper  on  the 
iron  resources  of  Alaska.  For  this  report  it  is  sufficient  to  say  that  the  iron  ok  now 
exposed  on  the  ridge  and  in  Iron  Creek  is  a  residual  concentration,  a  surficial  enrich- 
ment of  an  underlying  lode.  The  iron  content  of  this  lode  at  depth  can  not  be  judged 
from  the  surface  indications;  in  fact,  it  is  entirely  possible  that  this  deposit  is  only  a 
surface  capping,  or ' '  iron  hat, * '  covering  some  other  metalliferous  deposit.  The  occur- 
rence of  galena  and  sphalerite  with  limonite  in  the  Galena  group  near  by,  the  presence 
of  similar  limonitic  material  in  considerable  amount  in  a  silver-lead  lode  in  the  In- 
machuk  basin,  and  the  constant  association  of  limonitic  material  and  other  iron  min- 
eials  with  most  of  the  gold  lodes  on  the  peninsula  might  be  cited  as  evidence  of  this 
possibility. 

Another  group  of  claims  has  been  described  by  Mertie  ^  as  follows: 

The  Galena  group,  consisting  of  nine  claims,  is  about  2  miles  southwest  of  the  Mon- 
arch group  on  the  divide  between  Sinuk  River  and  Washington  Creek.  These  claims, 
though  prospected  chiefly  for  their  iron  content,  have  also  surface  indications  of  both 
lead  and  zinc,  in  the  form  of  galena  and  sphalerite. 

It  appears  that  the  ore-bearing  solutions  have  followed  in  large  measure  one  or  more 
of  a  system  of  joint  planes  in  the  country  rock.  On  the  Sunrise  claim,  one  of  this  group, 
the  country  rock  is  crystalline  limestone,  the  cleavage  of  which  strikes  east  and  dips 
25*^  S.  This  limestone  is  cut  by  a  number  of  joint  planes,  the  more  prominent  of 
which  had  the  foUowing  strikes  and  dips:  N.  40**  E.,  65**  NW.;  N.  80*  E.,  70**  N.; 
N.  15**  W.,  90**.  Disseminated  galena  in  a  quartz  gangue  occurs  along  the  vertical 
joint  plane.    This  ore  is  said  to  show  considerable  values  in  gold. 

An  open  cut  on  the  Oso  claim  shows  disseminated  sphalerite,  with  a  little  pyrite,  in 
the  crystalline  limestone.  The  extent  of  the  zinc  mineralization  is  not  known.  In  a 
pit  at  another  locality  on  the  Oso  claim  the  same  system  of  jointing  as  above  described 
was  exposed,  and  vein  quartz,  ^th  some  iron-stained  vein  material,  occurs  along  a 
joint  plane  striking  N.  10**  W.  and  dipping  75**  N.  LUac-colored  fluorite  was  also  seen 
in  this  pit,  but  its  exact  relation  to  the  mineralization  could  not  be  detennined. 

On  the  Fox  and  the  Williams  claims  disseminated  galena  accompanied  by  quartz 
was  observed  in  limestone  and  calcareous  schist. 

Considerable  botryoidal  limonite  was  seen  on  the  dimip  at  a  prospect  on  the  Ken- 
tucky claim. 

«  Op.  dU,  p.  445. 
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The  following  description  of  the  ore  deposits  of  two  groups  of  claims 
is  taken  from  Eakin's  report.*^ 

The  Mogul  property  consists  of  four  claims  situated  on  the  Sinuk  River  and  Wash- 
ington Creek  divide  about  1^  miles  east  of  the  Monarch  property.  No  development 
work  has  been  done  here,  the  locations  being  made  on  the  strength  of  a  few  acres  of  the  | 

blossom  of  ore  veins  that  cut  the  limestones  locally.    Evidence  of  the  veins  is  found  i 

in  heavily  iron-stained  limestone  detritus  that  has  a  scant  admixture  of  limonite  nod- 
ules and  vein  tegments.  There  is  little  evidence  as  to  the  size  and  extent  of  the 
veins  or  the  possibilities  of  commercial  development. 

The  American  group  includes  four  claims  situated  at  the  base  of  a  limestone  ridge 
west  of  Sinuk  River,  below  American  Creek,  2  miles  northwest  of  the  Monarch  prop- 
erty. The  locations  are  said  to  cover  an  ''iron-ore  bed ''  over  50  acres  in  extent.  The 
only  development  work  done  consists  of  a  few  pits  6  to  8  feet  deep,  and  no  analyses 
have  been  made  of  the  ore.    The  locality  was  not  visited  by  the  writer. 

The  Cub  Bear  group  of  iron  claims  lies  near  the  head  of  Cripple 
River  on  the  divide  between  Cripple  River  and  an  eastern  tributary 
of  Washington  Creek,  at  an  elevation  of  about  1,000  feet.  The 
developments  consist  of  12  trenches  20  to  30  feet  long  and  3  feet  deep. 
The  country  rock  is  chiefly  limestone,  with  a  httle  interbedded 
schist.  The  mineraUzation  occurred  in  a  well-defined  saddle  between  ^ 
two  knolls.  The  limestone  of  the  eastern  knoll  strikes  N.  10^  E. 
and  dips  15^  E.;  that  of  the  western  knoll  strikes  N.  10°  E.  and 
dips  20®  W.  Structurally  the  mineraUzation  occurred  along  the 
crest  of  an  anticline.  The  mineralized  zone  is  exposed  only  by  the 
trenches',  as  tundra  covers  the  saddle.  The  trenches  are  .alined 
about  N.  5°  E.,  which  is  approximately  the  strike  of  the  country 
rock.  Six  openings  are  made  on  the  north  of  the  saddle,  and  six 
on  the  south.  The  trenches  on  the  south  expose  limonite  chiefly, 
with  some  hematite.  The  material  is  essentially  iron-stained  Ume- 
stone,  through  which  some  small  veinlets  of  iron  oxide  occur.  The 
rock  is  badly  fractured  and  seamed  with  incompletely  filled  veinlets 
of  calcite.  Only  surface  debris  is  exposed  by  the  pits,  and  no  rock 
of  ore  grade  is  seen  on  this  side  of  the  saddle.  On  the  north  side 
several  of  the  trenches  have  exposed  massive  botryoidal  Umonite  of 
good  quality.  A  cellular  limonite  is  also  present  on  the  dumps,  and 
manganous  oxide  in  small  amount  occurs  with  it.  The  quantity  of  ore 
on  the  diunps  does  not  exceed  a  few  tons.     No  ore  in  place  is  exposed. 

The  occurrence  is  very  poorly  exposed  by  the  workings  and  else- 
where is  covered  by  moss.  Mertie  reports  sulphides  to  be  present 
with  the  ore  at  the  Mogul  group  of  claims  and  suggests  that  the  iron 
may  merely  be  gossan  material  capping  a  sulphide  vein.  It  is  not 
possible  to  say  whether  this  represents  the  gossan  of  a  sulphide  vein 
or  not.  No  sulphide  was  seen.  The  zone  of  mineralization  is 
probably  50  or  100  feet  wide  and,  as  observed,  seems  to  occur  along 
the  shattered  crest  of  a  fold,  which  suggests  that  the  iron  oxide  may 
be  but  a  deposit  resulting  from  the  circulation  of  ground  waters 
along  this  zone. 

«  Op.  dt.,  pp.  364-365. 
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mode  of  occurrence  of 180-181 

production  of ,  1880  to  1920 20 

In  1920 19-21 

Copper  Creek,  copper  mineralization  on 219-221 

Copper  Mountain,  copper  deposits  on 217-221 

Copper  River  basin,  operations  in 38-39 

Cost  of  mining  on  Seward  Peninsula 65-67 

Council  district,  geology  of. 205-208 

goldlodesin 205-206 

mining  in 62,63,65 

Crater  Lake  outlet  at  Speel  River,  Port  Snet- 

tisham 103-105 

Cripple  River,  iron  deposits  on 258,261 

Crow  Creek,  development  on 40-41 

Crystal  Guldi,  workings  on 159-160 

D. 

Dahl  Creek,  mining  on 67 

Dan  Creek,  placer  mining  on 39 

Daniels  Creek,  gold  lodes  near 188-107 

placers  on 186-187 

Depression,  effects  of,  and  possible  relief  from.        8 

Developments,  new 10-11 

Dexter  Creek,  claims  on 237 

Disseminated  deposits,  origin  of 206-207 

Dredges,  output  of  gold  from,  1920 10 

Dry  Creek,  lodes  on 236-237 

Dunton  mine,  change  of  name  of 35 

E. 

Eagle  district,  production  in,  1008  to  1020  —       49 

Eakin,H.M.,cited 258-280,261 

Eldorado  Creek,  gold  lode  near 188 

Eska  mine,  operation  of 25 

Eskimo  lode,  description  of 189-1 07 
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Fairbanks  district,  production  in,  1903  to  1020.  44-46 

Fairhaven  district,  mining  in 61,62 

Falls  Creek  at  Nickel,  near  Chichagof 96-90 

Fidalgo  Bay,  mining  on 40 

Flat  Creek,  mining  on 56 

Fish  Creek  near  Sea  Level,  Revillagigedo 

Island 83-84 

Fish  Creek  IfinlngCo.'s  property,  description 

of 134-138 

Fortymilediatrict,productionin,1886toie20.  40-^ 
Freight  rates  to  mines  on  Seward  Peninsula .  66-67 

0. 

QaglngStatioQS,  list  oL 75-76 

mapflhowlng 76 

Oalena.   See  Lead. 

Oalena  lode,  work  on 53 

George    Inlet,    Revillagigedo   Island,   dis- 
charge measurements  of  streams 

at 8(M2 

Georgetown  district,  mining  in 60 

Glacier  Creek,  openings  on 241-343 

Gold,  production  of,  1880  to  1020 12-13 

production  of,  from  lode  mines,  1920 13-14 

from  placer  mines,  1020 14-10 

Gold  Creek  at  Juneau 113-115 

Goldbottom  Creek,  exposures  on 255 

Gold  Hill  district,  production  in,  1911  to 

1020 57-58 

Goodnews  Bay  district,  mining  in 61 

Granite,  antimony  deposit  near 226 

copper  mineralization  near 219 

relation  of,  to  minerafisatlon 177-178 

Grand  Central  River  basin,  graphite  de- 

positsln 229-238 

Graphite,  deposits  of,  in  the  Kigluaik  Moun- 
tains   185^221-223 

Gray  Eagle  claim ,  description  of 204 

Green  Lake  outlet  at  Silver  Bay,  near  Sitka.  93-94 

Grindstone  Creek  at  Taku  Inlet IO6-IO9 

Gypsum,  mining  of 33 

H. 

Harrington,  G.  L.,  cited 222 

Hed  &  Strand  mine,  descripUon  of 224, 226-228 

Helm  Bay  Mining  Co.,  ore  body  opened  by. .  35-36 

Henry  Gulch,  development  on 253-255 

Hidden  Creek,  workings  on 60, 160, 161 

Hirst-Chichagof  property,  development  on..  37-38 

Holmes  Gulch,  placer  mine  on. 161 

Hoosier  prospect ,  descrip  tion  of 133 

Hot  Springs  district,  production  in,  1902  to 

1920 46 

Hyder,  Situation  of 117,119 

I. 

Idaho  lode,  description  of 189-197 

Iditarod  district ,  mining  in 56-57 

Indian  River  district,  production  in,  1911  to 

1920 57-5S 

Innoko  district,  mining  in 55 

production  in,  1907  to  1920 56 

Iron,  deposits  of,  on  Seward  Peninsula 258-261 

Iron,  modes  of  occurrence  of 183 

Iron  Creek  region,  copper  deposits  in 210-217 

gold  lodes  in 208-217 

rocks  of ; 208-210 


J. 

Juneau,  Gold  Creek  at 11^-115 

Juneau  district,  operations  in 36-37 

K. 

Kachemak  Bay,  mining  of  lignite  on 41 

Kantiahna  district,  operationsin 52-53 

production  in,  1903  to  1920 52 

Karta  River  at  Karta  Bay,  Prince  of  Wales 

Island 78-79 

Kenai  Peninsula,  mining  on 40-41 

Kennecott  Copper  Corporation,  cited . .  38-39, 39-10 

Ketchikan  district,  operations  in 34-36 

Kigluaik  Mountains,  graphite  deposits  in. .  221-223 

King  Mountain,  claims  on 237,238 

Kleary  Creek,  mining  on 67 

Kobuk  regiop,  freight  rates  to 67 

mining  In 67 

Kougarok  district,  mining  in 62,63,65 

Koyana  Creek,  gold  lodes  near 187-188 

Koyuk  district,  mining  in 61, 62,63 

Koyukuk  district,  mining  in SO 

Kruzgamepa  River,  gold  lodes  on 210-211 

Kugruk  River,  develt^ment  on 65 

Kuskokwim  region,  development  in 10-11 

map  of  Alaska  showing  transportation 

routesin 152 

operationsin 59-61 

upper,  access  to  and  settlements  in 152-153 

animal  and  vegetal  life  in 153-154 

discovery  and  development  of  gold 

lode«in 149 

exploration  of 149-151 

geographic  environment  in 151 

geology  of 154- 158 

gravels  in 157-158 

intnisive  rocks  In 157 

limestcme  in 154-157 

lodes  in 158-161 

placers  in 161 

relief  and  drainage  of 153 

L. 

Last  Chance  Creek,  copper  sulphide  at  head  of     217 

exposure  on 253 

Lead,  deposit  of 57 

localities  and  mode  of  occurrence  of 182-183 

production  of  1892  to  1920 22 

1920 21-22 

Left  Fork,  copper  deposits  on 216 

Limestone,  nature  and  distribution  of,  on 

Seward  Peninsula 170-171 

Lindeborg  claims,  descripticm  of 139 

Long  River  below  Second  Lake,  at   P(xt 

Snettisham 106-107 

Lost  Creek,  antimony  deposits  near 224-231 

M. 

McConnell,  R.  G.,  dted 122-123 

McKlnley  district,  mining  in 60 

Mahoney  Creek  at  George  Inlet,  ReviUagigedo 

Island 81-82 

Manila  Creek,  antimony  deposits  near 234-231 

Marble,  quarrying  of 33 

Marshall  district,  production  in,  1914  to  1930. .      57 

Martin,  George  C,  dted '     60 

Gold  lodes  in  the  upper  Kuskokwim 

re«i<m,  Alaska 149-161 


IHDEX. 


265 


Page. 

Mary  Oulch,  cUimaoa 340-Ml 

MatAnuaka  region,  miziizigin 25-96,41 

expIoratloD  of 11»  21 

Men  employed,  1911  to  1020,  estimates  of.  —    9-10 
Mercury.   8u  Quicksilver. 

MerUe,J.B.,Jr.,clted 232, 

240, 2i5-2M,21!»-'251, 254, 260 

Mineralluitlixi,  areas  of 180 

sequence  of 178-180 

Mining  operations,  large,  ftmetioo  and  voi- 

umeof 7-8 

Mofflt,  Fred  H.,  Qedogy  of  the  Yidnity  of 
Tuxedni  .  Bay,     Cook     Inlet, 

Alaska 141-147 

Montana  Creek,  dnnabaHMartng  lode  on —      24 

Moore  Creek,  mining  on 00 

Myrtle  Creek  at  Niblack,  Prince  of  Wales 

Island 76-77 

Mystery  Creek,  workings  on 160-161 

N. 

Nekhina  district,  mining  in 39 

Nelson  zinc-lead  prospect,  description  of 232 

New  Alaska  Mining  Co.'8  property,  descrip- 
tion of 132-133 

Newton  Gulch,  openings  on 237 

New  Years  Qulch,  exposure  on 238 

Niblack,  Prince  of  Wales  Island,  Myrtle  Creek 

at 7(V-77 

Nickel,  near  Chichagof,  Falls  Creek  at 96-99 

Porcupine  Creek  near 99-101 

Ninemlle  roadhouse,  prospect  near 140 

mining  and  prospecting  in 60 

Nixon  Fork  district,  lode  development  in. . .  10-11 

Nizlna  district,  operations  in 39 

Nome  region,  lodes  in 23^258 

miningin 6^63 

Nome  River,  western  tributaries  of,  exposure 

on 248 

O. 
Oil.   See  Petroleum. 

O'Neill,  J.  J.,  cited 127-128 

Ophir  Creek,  mining  on 55 

Orchard  Lake  outlet  at  Shrimp  Bay,  ReviUa- 

gigedo  Island 8$-88 

Otter  Creek,  dredging  on 56 

P. 

Palmer  Creek,  mining  on 40 

Penny  River,  opening  on 256-258 

prospect  at  head  of 232-233 

Petroleum,  effects  of  laws  concerning 9 

land  staked  for 11 

permits  to  drill  for,  applications  for 32 

production  of,  1920 31 

Petrol^mi  products  shipped  to  Alaska,  1905 

tol920 33 

Pioneer  Oukh,  rocks  on 255 

Platinum,  occurrences  of 18^-184 

Platinum  metals,  production  of,  1916  to  1920. .       23 

recovery  of 35, 39, 61 

Porcupine  Creek  near  Nickel 99-101 

Port  Clarence  district,  miningin 62,63 

Port  Snettiaham,  discharge  measurements  of 

streams  at 10&-107 


Page. 
Prinea  of  Wales  Island,  disoharge  msasnra- 

ments  of  streams  on 7(V-79 

Prince  William  Soond.  region,  mining  in 3IM0 

Production,  totalin  41  years 7 

in  1919  and  1920,  table  showing 10 

total  values  by  years  and  by  substances, 

l«»tol920 10 

Progressof  surveys 70-71 

Publleationsissued 73-74 

Q. 

Quartz  Qulch,  openings  on 239 

Quicksilver,  occurrence  of 185 

production  of 23-24,57,60 

Quigley  mine,  operation  of. 52-^ 

R. 

Rampart  district,  production  in,  1896  to  1920 .       47 

Red  Mountain,  developments  on 41 

Red  Top  lode,  work  on 53 

Resurrection  Creek,  mining  on 40 

Rex  Creek,  placer  mining  on 39 

Revillagigedo   Island,    discharge   measure- 
ments of  streams  on 80-88 

Richardson  district,  production  in,  1905  to 

1920 48-49 

Rock  Creek,  exposures  on 244-245 

openings  on 246-247 

Ruby  Creek,  workings  on 60,160-161 

Ruby  district,  production  in,  1907  to  1920 54 

Rush  &  Brown  mine,  operation  of 34-35 

Russian  Mountains,  mining  in 60 

8. 

Salmon  River,  description  of 119 

Salmon  River  district,  climate  of 118-119 

commercial  conditions  in 119 

discoveries  in 117 

geology  of 120-127 

granite  of  the  Coast  Range  In 124-125 

greenstones  and  associated  rocks  in 122-124 

ore  deposits  in,  classification  of. 127-129 

distribution  of 129 

origin  of 129-iaO 

porphyry  dikes  in 126-127 

ivroduction  from,  outlook  for 131 

prospects  In 131-140 

publications  bearing  on 120 

situation  of 117 

topography  of 118 

Salt  Chuck  mine,  operation  of 35 

Sand,  abrasive,  shipment  of 33, 61 

Schedite,  indication  from  occurrence  of 177 

See  alio  Timgsten. 
Schist,  nature  and  distribution  of,  on  Seward 

Peninsula 170-171 

Schuchert,  Charles,  fossils  detwmined  by 156 

Sea  Gull  lode,  description  of 189-197 

Sea  Level,  Revillagigedo  Island,  Fish  Creek 

near 83-84 

Seward   Peninsula,  conmiercial  conditions 

on 61,65-67 

country  rocks  on 168-169 

gold  on,  relation  to  igneous  rocks 177-178 

lode  mining  on 65 

jABcer  mining  on 61-64 


266 


INDEX. 


Page. 

Seward  Peninsula,  minerellcation  on 171-180 

pabUcattona  an. lM-166 

platJnmn,  tin,  coal,' and  ganiet  aand  pro- 

docedoD 61 

aoopeofinyertlgatioaon IdS-lM 

■hearsanflBon,  nature  and  origin  of....  174-177 

etratlgraphy  of. 166-168 

■tmctureoftherocksof. 160 

Tdne  QDf  nature  and  origin  of. 172, 173-174 

Sheep  Oreek  near  Thane 11^118 

Shalockum  Lake  outlet  at  Bailey  Bay ttMX) 

Sherrette  Creek,  copper  deporit  at  head  of. . .     216 
Shrimp  Bay,  Revillagigedo  Island,  Orchard 

Lakeontletat 86-88 

Silver,  production  of,  1880  to  1920...: 12-18 

Silver  Bay,  near  Sitka,  Green  Lake  outlet  at.  08-94 

Slnuk  River,  iron  depofllte  on. 2S6-261 

Sitka  district,  operatioDB  in 37-38 

SixmUe  Creek,  mining  on 40 

Slate  Creek,  mining  on. SO 

prospect  on 256 

SledgB  Creek,  exposure  on 249 

BUsoovich  mine,  description  of 224, 227, 229-230 

Smith,  P.  S.,  dted 197,200,201,205 

Snake  River  valley,  openings  in 247-248 

Snettisham,  Sweetheart  Falls  Creek  near. .  .108-103 

Snow  Gulch,  openings  on 24^-244 

Solomon  district,  gold  lodes  in 197-206 

mining  in. 62,68 

Sophie  Gulch,  openings  on 245-246 

Southeastern  AJaaka,  map  of,  showing  loca- 
tion of  gaging  stations 76 

operations  in 34-38 

SonthwestemAlaska,  mining  in 43 

Bpeel  River,  Port  Snettisham,  Crater  Lake 

outlet  at 103-106 

Spurr,  J.  E.,  dted 166 

Squaw  Creek,  mining  on 68 

Steep  Cxeek,  iino>lead  deposit  on 232-233 

Stewart,  B.  D.,dted 32,37-^,62-63 

Stlbnite.    See  Antimony. 

Stoner  claims,  description  of. 131-132 

Sulphur,  devebpment  of  deposit 33 

Supplies  for  placer  miners,  cost  of. 16-17 

Susitna  region,  mining  in 41-42 

Swan  Lake  outlet  at  Carroll  Inlet,  Revilla- 

gigedo  Island 86-86 

Sweetheart  Falls  Creek  near  Snettisham. . .  lOS-108 

T. 

Taku  Inlet,  Carlson  Creek  at  Sunny  Cove  on  1 10-111 
Grindstone  Creek  at 10&-109 


Texas  Creek,  description  of 119 

Thane,  Sheep  Creek  near 113-113 

Thomas    Bay,   near    Petenbuig^    Cascade 

Creekat 90-02 

Tin,  oocurrenoe  of 185 

production  of ,  1902  to  1920 23 

1926 22-23 

Tin  deposits,  development  and  working  of. .  •  61-66 
exhaustion  of 22 

To*ovana  district,  production  in,   1916  to 

1920 47 

Transportation,  cost  of 08-67 

Tungsten,  none  mined  in  1920 24 

occurrences  of 182,233 

Tuxedni  Bay  area,  Chinitna  shale  in 144 

Chisik  conglomerate  in 144-145 

geography  of 141-142 

geologic  map  of 142 

geology  of 142-147 

Naknek  formation  in 146 

Quaternary  deposits  in 145-146 

structure  of. 146-147 

Tuxedni  sandstonein 143-144 

Twin  Mountain  Creek,  exposure  on 248-249, 

251,252-253 
U. 

Unde  Sam  Mountain,  quartz  veins  near. . .  196-199 

V. 

Valdes,  mining  near 40 

Valdec  Creek  district,  mining  in 39 

W. 

Water-power  investigations,  discontinuance 

of 72 

Watson  &  Bain  property,  description  of . . .  138-139 

Wells,  R.  C,  analysis  by 259 

West  Creek,  lodes  on 206 

Westgate,  Lewis  G.,  Ore  deposits  of  the  Sal- 
mon River  district,  Portland 

Canal  region,  Alaska 117-140 

Wheeler  copper  prospect,  description  of. . . .  214-215 

Willow  Creek  district,  mining  in 41-43 

Windham  Bay,  development  at 36 

Work  of  field  and  office  forces 71-73 

Y. 

Yentna  district,  mining  in 41,42 

Yukon  region,  production  in  1886  to  1920.. 43-44 

Z. 
Zinc,  occurrences  of 18S 
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pp.  11-42. 
The  Alaskan  mining  industry  in  1918,  by  G.  G.  Martin.    In  Bulletin  712,  1919, 

pp.  11-52. 
The  Alaskan  mining  industry  in  1919,  by  A.  H.  Brooks  and  G.  0.  Martin.    In  Bulle- 
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The  Alaskan  mining  industry  in  1920,  by  A.  H.  Brooks.    In  Bulletin  722,  1921. 

pp.  7-67. 
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In  Bulletin  520, 1912,  pp.  45-88. 
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480,  1911,  pp.  43-93.    40  cents. 
*The  mineral  deposits  of  Alaska,  by  A.  H.  Brooks.    In  Bulletin  592,  1914,  pp.  18-44« 

60  cents, 
^he  future  of  gold-placer  mining  in  Alaska,  by  A.  H.  Brooks.     In  Bulletin  622, 

1915,  pp.  69-79.     30  cents, 
^in  resources  of  Alaska,  by  F.  L.  Hess.    In  Bulletin  520,  1912,  pp.  89-92.    50  cents. 
Alaska  coal  and  its  utilization,  by  A.  H.  Brooks.    Bulletin  442-J,  reprinted  1914. 
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*IVo8pecting  and  mining  gold  placers  in  Alaska,  by  J.  P.  Hutchins.    In  Bulletin 

345,  1908,  pp.  54-77.    45  cents. 
^Geographic  dictionary  of  Alaska,  by  Marcus  Baker;  second  edition  prepared  by 

James  McCormick.    Bulletin  299,  1906,  690  pp.    50  cents. 
Tin  mining  in  Alaska,  by  H.  M.  Eakin.    In  Bulletin  622, 1915,  pp.  81-94. 
Antimony  deposits  of  Alaska,  by  A.  H.  Brooks.    Bulletin  649,  1916,  67  pp. 
The  use  of  the  panoramic  camera  in  topographic  surveying,  by  J.  W.  Bagley.    Bul- 
letin 657,  1917,  88  pp. 
The  mineral  springs  of  Alaska,  by  G.  A.  Waring.    Water-Supply  T^per  418,  1917, 

114  pp. 
Alaska's  mineral  supplies,  by  A.  H.  Brooks.    Bulletin  666-P,  14  pp. 
The  future  of  Alaska  mining,  by  A.  H.  Brooks.    In  Bulletin  714,  1921,  pp.  5-^7. 
Preliminary  report  on  petroleimi  in  Alaska,  by  G.  G.  Martin.    Bulletin  719,  1921, 

83  pp. 

TOPOGRAPHIC  HAPS. 

Map  of  Alaska  (A);  scale  1  :  5,000,000;  1912,  by  A.  H.  Brooks.  20  cents  retail  or  12 
cents  wholesale. 

Map  of  Alaska  (B);  scale  1  :  1,500,000;  1915,  by  A.  H.  Brooks  and  R.  H.  Sazgent. 
80  cents  retail  or  48  cents  wholesale. 

Map  of  Alaska  (C);  scale  1  :  12,000,000;  1916.  1  cent  retail  or  five  for  3  cents  whole- 
sale. 

Map  of  Alaska  showing  distribution  of  mineral  deposits;  scale  1  :  5,000,000;  by  A.  H. 
Brooks.  20  cents  retail  or  12  cents  wholesale.  New  editions  included  in  Bulletins 
642,  662,  and  714. 

Index  map  of  Alaska,  including  list  of  publications;  scale  1  : 5,000,000;  by  A.  H. 
Brooks.     Free. 

In  preparation. 

Relief  map  of  Alaska  (D),  scale,  1  :  2,500,000. 


RECENT  SXJBVEY  PUBLICATIONS  ON  ALASKA.  HI 

SOT3THEASTERN   ALASKA. 

B3BPO&TB. 

^Economic  developmentB  in  southeastern  Alaska^  by  F.  E.  and  C.  W.  Wright.    In 

Bulletin  269,  1905,  pp.  47-68.     15  cents. 
*The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  pp.  1-137,  and  A  reconnaissance 

of  Admiralty  Island,  Alaska,  by  C.  W.  Wright,  pp.  138-154.    Bulletin  287,  1906, 

161  pp.     75  cents. 
Lode  mining  in  southeastern  Alaska,  by  F.  E.  and  C.  W.  Wright.    In  Bulletin  284, 

1906,  pp.  30-53. 
Nonmetallic  deposits  of  southeastern  Alaska,  by  C.  W.  Wrighf.    In  Bulletin  284, 

1906,  pp.  54-60. 
*Lode  mining  in  southeastern  Alaska,  by  C.  W.  Wright.    In  Bulletin  314,  1907, 

pp.  47-72.    30  cents. 
*Nonmetalliferous  mineral  resources  of  southeastern  Alaska,  by  C.  W.  Wright.    In 

Bulletin  314,  1917,  pp.  73-81.    30  cents. 
•Recoimaiflsance  on  the  Pacific  coast  from  Yakutat  to  Alsek  River,  by  Eliot  Black- 
welder.    In  Bulletin  314,  1907,  pp.  82-88.    30  cents. 
♦Lode  mining  in  southeastern  Alaska,  1907,  by  C.  W.  Wright.    In  Bulletin  345, 

1908,  pp.  78-97.    45  cents. 
*The  building  stones  and  materials  of  southeastern  Alaska,  by  C.  W.  Wright.    In 

Bulletin  345,  1908,  pp.  116-126.    45  cents. 
♦The  Ketchikan  and  Wrangell  mining  districts,  Alaska,  by  F.  E.  and  C.  W.  Wright. 

Bulletin  347,  1908,  210  pp.    60  cents. 
♦The  Yakutat  Bay  region,  Alaska;  Physiography  and  glacial  geology,  by  R.  S.  Tarr; 

Areal  geology,  by  R.  S.  Tarr  and  B.  S.  Butler.    Professional  Paper  64, 1909, 186  pp. 

50  cents. 
♦Mining  in  southeastern  Alaska,  by  C.  W.  Wright.    In  Bulletin  379,  1909,  pp.  67-86. 

50  cents. 
♦Mining  in  southeastern  Alaska,  by  Adolph  Knopf.    In  Bulletin  442,  1910,  pp. 

133-143.    40  cents. 
♦Occurrence  of  iron  ore  near  Haines,  by  Adolph  Knopf.    In  Bulletin  442,  1910, 

pp.  144rl46.    40  cents. 
♦Report  of  water-power  reconnaissance  in  southeastern  Alaska,  by  J.  C.  Hoyt.    In 

Bulletin  442,  1910,  pp.  147-157.    40  cents. 
Geology  of  the  Bemers  Bay  region,  Alaska,  by  Adolph  Knopf.    Bulletin  446,  1911. 

58  pp. 
Mining  in  southeastern  Alaska,  by  Adolph  Knopf.    In  Bulletin  480, 1911,  pp.  94-102. 
The  Eagle  River  region,  southeastern  Alaska,  by  Adolph  Knopf.    Bulletin   502, 

1912,  61  pp. 
♦The  Sitka  mining  district,  Alaska,  by  Adolph  Knopf.    Bulletin  504,  1912,  32  pp. 

5  cents. 
♦The  earthquakes  at  Yakutat  Bay,  Alaska,  in  September,  1899,  by  R.  S.  Tarr  and 

Lawrence  Martin,  with  a  preface  by  G.  K.  Gilbert.    Professional  Paper  69,  1912, 

135  pp.    60  cents. 
A  barite  deposit  near  Wrangell,  by  E.  F.  Burchard.    In  Bulletin  592,  1914,  pp. 

109-117. 
♦Lode  mining  in  the  Ketchikan  district,  by  P.  S.  Sndth.    In  Bulletin  592,  1914, 

pp.  75-94.    60  cents. 
The  geology  and  ore  deposits  of  Copper  Mountain  and  Kasaan  Peninsula,  Alaska, 

by  C.  W.  Wright.    Professional  Paper  87,  1915, 110  pp. 
Mining  in  the  Juneau  region,  by  H.  M.  Eakin.    In  Bulletin  622, 1915,  pp.  95-102. 
Notes  on  the  geology  of  Gravina  Island,  Alaska,  by  P.  S.  Smith.    In  Professional 

Paper  95, 1916,  pp.  97-105. 


IV  MINERAL  RESOURCES  OF  ALASKA,  1920. 

Mining  in  aoutheasteni  Alaska,  by  Theodore  Chapin.  In  Bulletin  642,  1916,  pp. 
73-104. 

Water-power  inveetigationB  in  Boutheaetem  Alaska,  by  G.  H.  Canfield.  In  Builetiii 
642, 1916,  pp.  106-127. 

Mining  developmente  in  the  Ketchikan  and  Wrangell  districts,  by  Theodore  Chapin. 
In  Bulletin  662, 1917,  pp.  63-75. 

Lode  mining  in  the  Juneau  gold  belt,  by  H.  M.  Eakin.  In  Bulletin  662,  1917,  pp. 
71-92. 

Gold-placer  mining  in  the  Porcupine  district,  by  H.  M.  Eakin.  In  Bulletin  662, 
1917,  pp.  93-100. 

Water-power  investigations  in  southeastern  Alaska,  by  G.  H.  Canfidd.  In  Bul- 
letin 662, 1917,  pp.  101-164. 

*Water-power  investigations  in  southeastern  Alaska,  by  G.  H.  Canfi^d.  In  Bul- 
letin 692, 1919,  pp.  43-83.    60  cents. 

The  structure  and  stratigraphy  of  Gravina  and  Revillagigedo  islands,  Alaska,  by 
Theodore  Chapin.     In  Professional  Paper  120, 1918,  pp.  83-100. 

*Mining  developments  in  the  Ketchikan  mining  district,  by  Theodore  Chapin. 
In  Bulletin  692,  1919,  pp.  86-89.    50  cents. 

*The  geology  and  mineral  resources  of  the  west  coast  of  Chichagof  Island,  by  R.  M. 
Overbeck.    In  Bulletin  692, 1919,  pp.  91-136.    60  cents. 

The  Porcupine  district,  by  H.  M.  Eakin.    Bulletin  699, 1919,  29  pp. 

*  Water-power  investigations  in  southeastern  Alaska,  by  G.  H.  Canfield.  In  Bulle- 
tin 712, 1920,  pp.  53-90. 

Lode  mining  in  the  Juneau  and  Ketchikan  districts,  by  J.  B.  Mertie,  jr.  In  Bulle- 
tin 714, 1921,  pp.  106-128. 

Notes  on  the  Unuk-Salmon  Kiver  region,  by  J.  B.  Mertie,  jr.  In  Bulletin  714,  1921, 
pp.  129-142. 

Water-power  investigations  in  southeastern  Alaska,  by  G.  H.  Canfield.  In  Bulletin 
714,  1921,  pp.  143-187. 

Marbledepositsof  southeastern  Akska,  by  E.  F.  Burchard.    Bulletin 682, 1920,118pp. 

Water-power  investigations  in  southeastern  Alaska,  by  G .  H .  Canfield .   In  Bnlletiji  72Z, 

Ore  deposits  of  the  Salmon  River  district,  Portland  Canal  region,  Alaska,  l!:^  L.  G. 
Westgate.    In  Bulletin  722. 

TOPOORAPEIO  KAP8. 

*Juneau  gold  belt,  Alaska;  scale,  1 :  260,000;  compiled.  In  ^Bulletin  287.  75 
cents.    Not  issued  separately. 

Juneau  special  (No.  581A);  scale,  1  :  62,500;  by  W.  J.  Peters.  10  cents  retail  or  6 
cents  wholesale. 

Bemers  Bay  special  (No.  681B);  scale,  1: 62,500;  by  R.  B.  Oliver.  10  cents  retail 
or  6  cents  wholesale.    Also  contained  in  Bulletin  446. 

Kasaan  Peninsula,  Prince  of  Wales  Island  (No.  540A);  scale,  1 :  62,500;  by  D.  C. 
Witherspoon,  R.  H.  Sargent,  and  J.  W.  Bagley.  10  cents  retail  or  6  cents  whole- 
sale.   Also  contained  in  Professional  Paper  87. 

Copper  Mountain  and  vicinity.  Prince  of  Wales  Island  (No.  540B);  scale,  1 :  62,500; 
by  B.  H.  Sargent.  10  cents  retail  or  6  cents  wholesale.  Also  contained  in  Pro- 
fessional Paper  87. 

Eagle  River  region  (No.  581C);  scale,  1:62,500;  by  J.  W.  Bagley,  C.  £.  Griffin,  and 
R.  £.  Johnson.    In  Bulletin  502.     Not  issued  separately. 

Juneau  and  vicinity  (No.  581D);  scale,  1 :  24,000;  contour  interval,  50  feet;  by  D.  G. 
Witherspoon.     10  cents. 


BEOENT  SURVEY  PUBUCATIONS  ON  ALASKA.  V 

CONTROLLEB  BAY,   FBINCE  WILLIAM    SOUND,   AND  COPPER   RIVER 

REGIONS. 

RZPOBTS. 

♦Geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendenhall.    Profes- 
sional Paper  41,  1905,  133  pp.    50  cents. 
♦Geology  and  mineral  resources  of  Controller  Bay  region,  Alaska,  by  G,  C.  Martin. 

Bulletin  335, 1908, 141  pp.    70  cents. 
♦Notes  on  copi>er  prospects  of  Prince  William  Sound,  by  F.  H.  Moffit.    In  Bulletin 

345,  1908,  pp.  176-178.    45  cents. 
Mineral  resources  of  the  KotsinarChitina  region,  by  F.  H.  Moffit  and  A.  G.  Maddren. 

Bulletin  374,  1909,  103  pp. 
♦Copper  mining  and  prospecting  on  Prince  William  Sound,  by  U.  S.  Grant  and  D.  F. 

Higgins,  jr.    In  Bulletin  379,  1909,  pp.  78-96.    50  cents. 
Mining  in  the  Kotsina-Chitina,  Chistochina,  and  Valdez  Creek  regions,  by  F.  H. 

Moffit.    In  Bulletin  379,  1909,  pp.  153-160. 
Mineral  resources  of  the  Nabesna- White  River  district,  by  F.  H.  Moffit  and  Adolph 

Knopf;  with  a  section  on  the  Quaternary,  by  S.  R.  Cappe.    Bulletin  417,  1910, 

64j>p. 
♦Mining  in  the  Chitina  district,  by  F.  H.  Moffit.    In  Bulletin  442, 1910,  pp.  158-163. 

40  cents. 
♦Mining  and  prospecting  on  Prince  William  Sound  in  1909,  by  U.  S.  Grant.    In  Bul- 
letin 442,  1910,  pp.  164-165,    40  cents. 
Reconnaissance  of  the  geology  and  mineral  resources  of  Prince  William  Sound,  Alaska, 

by  U.  S.  Grant  and  D.  F.  Higgins.    Bulletin  443,  1910,  89  pp. 
Geology  and  mineral  resources  of  the  Nizina  district,  Alaska,  by  F.  H.  Moffit  and  S.  R. 

Capps.    Bulletin  448,  1911,  111  pp. 
Headwater  regions  of  Gulkana  and  Susitna  rivers,  Alaska,  with  accounts  of  the  Valdez 

Creek  and  Chistochina  placer  districts,  by  F.  H.  Moffit.  Bulletin  498,  1912,  82  pp. 
♦The  Chitina  district,  by  F.  H.  Moffit.  In  Bulletin  520, 1912,  pp.  106-107.  50  cents. 
♦Coastal  glaciers  of  Prince  William  Sound  and  Kenai  Peninsula,  Alaska,  by  U.  S. 

Grant  and  D.  F.  Higgins.    Bulletin  526,  1913,  75  pp.    30  cents. 
♦The  McKinley  Lake  district,  by  Theodore  Chapin.    In  Bulletin  542, 1913,  pp.  78-«0. 

25  cents. 
♦Mining  in  Chitina  Valley,  by  F.  H.  Moffit.    In  Bulletin  542,  1913,  pp.  81-85.    25 

cents. 
♦Mineral  deposits  of  the  Ellamar  district,  by  S.  R.  Capps  and  B.  L.  Johnson.    In  Bul- 
letin 542,  1913,  pp.  86-124.    25  cents. 
♦The  mineral  deposits  of  the  Yakataga  region,  by  A.  G.  Maddren.    In  Bulletin  592, 

1914,  pp.  119-154.    60  cents. 
♦The  Port  Wells  gold-lode  district,  by  B.  L.  Johnson.    In  Bulletin  592,  1914,  pp. 

195-236.    60  cents. 
♦Mining  on  Prince  William  Sound,  by  B.  L.  Johnson.    In  Bulletin  592, 1914,  pp. 

237-244.    60  cents. 
The  geology  and  mineral  resources  of  Kenai  Peninsula,  by  G.  C.  Martin,  B.  L.  Johnson, 

and  U.  S.  Grant.    Bulletin  587,  1915,  ^43  pp. 
Mineral  deposits  of  the  Kotsina-Kuskulana  district,  with  notes  on  mining  in  Chitina 

Valley,  by  F.  H.  Moffit.    In  Bulletin  622,  1915,  pp.  103-117. 
Mining  on  Prince  William  Sound,  by  B.  L.  Johnson.    In  Bulletin  622,  1915,  pp. 

131-139. 
The  gold  and  copper  deposits  of  the  Port  Valdez  district,  by  B.  L.  Johnson.    In  Bul- 
letin 622,  1915,  pp.  140-188. 
The  Ellamar  district,  by  S.  R.  Capps  and  B.  L.  Johnson.    BuUetin  605,  125  pp. 
A  water-power  reconnaissance  in  south-central  Alaska,  by  C.  E.  Ellsworth  and  R.  W. 

Davenport.    Water-Supply  Paper  372,  173  pp. 
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Mining  on  Prince  William  Sounds  by  B.  L.  Johnson.     In  Bulletin  642,  1916,  pp. 

137-146. 
Mining  in  the  lower  Copper  River  baedn,  by  F.  H.  MofBt.    In  Bulletin  662,  1917,  pp. 

16&-182. 
*Retieat  of  Baxry  Glacier,  Port  Wells,  Prince  William  Sound,  Alaska,  between  1910 

and  1914,  by  B.  L.  Johnson.    In  Professional  Paper  98,  1916,  pp.  35-36.    $1.25. 
Mining  on  Prince  William  Sound,  by  B.  L.  Johnson.    In  Bulletin  662,  1917,  pp. 

183-192. 
Copper  deposits  of  the  Latouche  and  Kni^t  Island  districts.  Prince  William  Sound, 

by  B.  L.  Johnson.     In  Bulletin  662,  1917,  pp.  193-220. 
The  Nelchina-Susitna  region,  by  Theodore  Chapin.    Bulletin  668,  1918,  67  pp. 
The  upper  Chitina  Valley,  by  F.  H.  Moffit,  with  a  description  of  the  igneous  rocks,  by 

R.  M.  Overbeck.    Bulletin  675, 1918,  82  pp. 
*Platinum-bearing  auriferous  gravels  of  Chistochina  River,  by  Theodore  Chapin.    In 

Bulletin  692,  1919,  pp.  137-141.    50  cents. 
*Mining  on  Prince  William  Sound,  by  B.  L.  Johnson.    In  Bulletin  692,  1919,  pp. 

143-151.    50  cents, 
^he  Jack  Bay  district  and  vidoity,  by  B.  L.  Johnson.    In  Bulletin  692,  1919,  pp. 

153-173.    50  cents. 
"^Mining  in  central  and  narthem  Kenai  Peninsula  in  1917,  by  B.  L.  Johnson.    In 

Bulletin  692,  1919,  pp.  17&>176.    50  cents. 
*Nickel  deposits  in  the  lower  Copper  River  valley,  by  R.  M.  Overbeck.    In  Bulletin 

712,  191.9,  pp.  91-98.    20  cents. 
*PteUminary  report  on  the  chromite  of  Kenai  Peninsula,  by  A.  C.  Gill.    In  Bulletin 

712,  1920,  pp.  99-129.    20  cents. 
Mining  in  Chitina  Valley,  by  F.  H.  Moffit.    In  Bulletin  714,  1921,  pp.  189-196. 

In  preparation. 

The  Kotsina-Koskulana  district,  Alaska,  by  F.  H.  Moffit. 
Chromite  of  Kenai  Peninsula,  Alaska,  by  A.  C.  Gill. 

TOFOORAPHIO  MAPS. 

Central  Copper  River  region,  reconnaissance  map;  scale,  1:250,000;  by  T.  G.  Gerdine. 
In  ^Professional  Paper  41.    50  cents.    Not  issued  separately. 

Headwater  regions  of  Copper,  Nabesna,  and  Chisana  rivers,  reconnaissance  map; 
scale,  1:250,000;  by  D.  C.  Witherspoon,  T.  G.  Gerdine,  and  W.  J.  Petera.  In 
^Professional  Paper  41.    50  cents.    Not  issued  separately. 

Controller  Bay  region  (No.  601A);  scale,  1:62, 500;  by  E.  G.  Hamilton  and  W.  R.  Hill. 
35  cents  retail  or  21  cents  wholesale.    Also  published  in  ^Bulletin  335. 

Chitina  quadrangle  (No.  601),  reconnaissance  map;  scale,  1:250,000;  by  T.  G.  Gerdine, 
D.  C.  Witherspoon,  and  others.  50  cents  retail  or  30  cents  wholesale.  Also  pub- 
lished in  Bulletin  576. 

Nizina  district  (No.  601B);  scale,  1:62,500;  by  D.  C,  Witherspoon  and  R.  M.  U 
Follette.    In  Bulletin  448.    Not  issued  separately. 

Headwater  regions  of  Gulkana  and  Susitna  rivers;  scale,  1:250,000;  by  D.  C.  Wither- 
spoon, J.  W.  Bagley,  and  C.  E.  Giffin.    In  Bulletin  498.    Not  issued  separately. 

Prince  William  Sound;  scale,  1:500,000;  compiled.  In  ^Bulletin  526.  30  cents. 
Not  issued  separately. 

Port  Valdez  district  (No.  602B);  scale,  1:62,500;  by  J.  W.  Bagley.  20  cents  retail  or 
12  cents  wholesale. 

The  Bering  River  coal  fields;  scale,  1:62,500;  by  G.  C.  Martin.  25  cents  retail  or  15 
cents  whol^fsale. 

The  Ellamar  district  (No.  602D);  scale,  1:62,500;  by  R.  H.  Saigent  and  C.  E.  Giffin. 
Published  in  Bulletin  605.    Not  issued  separately. 
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Nelchina-Suflitnareg:ion;  scale,  1:250,000;  by  J.  W.  Bagley,  T.  G.  Gerdine,  and  othen. 
In  Bulletin  668.    Not  issued  separately. 

Upper  Chitina  Valley,  reconnaissance  map;  scale,  1:250,000;  contour  interval,  200 
feet;  by  International  Boundary  Conunission,  F.  H.  Moffit,  D.  C.  Witherspoon, 
and  T.  G.  Gerdine.    In  Bulletin  675.    Not  issued  separately. 

In  preparation. 
The  Kotsina-Kuskulana  district  (No.  601C);  scale,  1:62,500;  by  D.  C.  Witherspoon. 

COOK  INLET  AND   8U8ITNA   REGION. 

REPOBTB. 

♦Gold  placers  of  the  Mulchatna,  by  F.  J.  Katz.    In  Bulletin  442,  1910,  pp.  201-202. 

40  cents. 
♦Geologic  reconnaissance  in  the  Matanuska  and  Talkeetna  basins,  Alaska,  by  Sidney 

Paige  and  Adolph  Knopf.    Bulletin  327, 1907,  71  pp.    25  cents. 
♦The  Mount  McKinley  region,  Alaska,  by  A.  H.  Brooks,  with  description  of  the 

igneous  rocks  and  of  the  Bonnifield  and  Kantishna  districts,  by  L.  M.  Prindle. 

Professional  Paper  70, 1911,  234  pp.    70  cents. 
♦A  geologic  reconnaissance  of  the  Iliamna  r^on,  Alaska,  by  G.  C.  Martin  and  F.  J. 

Katz.    Bulletin  485, 1912, 138  pp.    35  cents. 
Geology  and  coal  fields  of  the  lower  Mataniiska  Valley,  Alaska,  by  G.  C.  Martin  ano 

F,  J.  Katz.    Bulletin  500, 1912,  98  pp. 
♦The  Yentna  district,  Alaska,  by  S.  R.  Capps.    Bulletin  534, 1913,  75  pp.    2P  cents. 
♦Mine^  resources  of  the  upper  Matanuska and  Nelchina  valleys,  by  G.  C.  Martin  and 

J.  B.  Mertie,  jr.    In  Bulletin  592, 1914,  pp.  273-300.    60  cents. 
♦Mining  in  the  Valdez  Creek  placer  district,  by  F.  H.  Moffit.    In  Bulletin  592, 1914, 
^    pp.  307-308.    60  cents. 
The  geology  and  mineral  resources  of  Kenai  Peninsula,  Alaska,  by  G.  C.  Martin,  B.  L. 

Johnson,  and  U.  S.  Grant.    Bulletin  587, 1915,  243  pp. 
The  Willow  Creek  district,  by  S.  R.  Capps.    Bulletin  607, 1915,  86  pp. 
The  Broad  Pass  region,  by  F.  H.  Moffit  and  J.  E.  Pogue.    Bulletin  608,  1915,  80  pp. 
The  Tumagain-Knik  region,  by  8.  R.  Capps.    In  Bulletin  642, 1916,  pp.  147-194. 
Gold  mining  in  the  Willow  Creek  district,  by  S.  R.  Capps.    In  Bulletin  642,  1916, 

pp.  19&-200. 
The  Nelchina-Susitna  region,  by  Theodore  Chapin.    Bulletin  668, 1918,  67  pp. 
♦Mineral  resources  of  the  upper  Chulitna  region,  by  S.  R.  Capps.    In  Bulletin  692, 

1919,  pp.  207-232.    50  cents. 
♦Gold-lode  mining  in  the  Willow  Creek  district,  by  8.  R.  Capps.    In  Bulletin  692, 

1919,  pp.  177-186.    50  cents. 
♦Mineral  resources  of  the  western  Talkeetna  Mountains,  by  8.  R.  Capps.    In  Bulletin 

692, 1919,  pp.  187-205.    50  cents. 
♦Platinum-bearing  gold  placers  of  Kahiltna  VaUey,  by  J.  B.  Mertie,  jr.    In  Bulletin 

692, 1919,  pp.  233-264.    50  cents.  — 

♦Chiemite  deposits  of  Alaska,  by  J.  B.  Mertie,  jr.    In  Bulletin  692, 1919,  pp.  265-267. 

50  cents. 
♦Geologic  problems  at  the  Matanuska  coal  mines,  by  G.  C.  Martin.    In  Bulletin  692, 

1919,  pp.  269-282.    50  cents. 

♦Preliminary  report  on  chromite  of  Kenai  Peninsula,  by  A.  C.  Gill.    In  Bulletin  712, 

1920,  pp.  99-129.    20  cents. 

♦Mining  in  the  Matanuska  coal  field  and  the  Willow  Creek  district,  by  Theodore  Chapin. 
In  Bulletin  712, 1920,  pp.  131-176.    20  cents. 
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Mining  developments  in  the  Matanuaka  coal  fields,  by  Theodore  Chapin.  In  Bulle- 
tin 714, 1921,  pp.  197-199. 

Lode  developments  in  the  Willow  Creek  district,  by  Theodore  Chapin.  In  Bulletin 
714,  1921,  pp.  20-206. 

Geology  in  the  i-icinity  of  Tuxedni  Bay,  Cook  Inlet,  by  F.  H.  Moffit.    In  Bulletin  722. 

In  preparation. 
Chromite  of  Kenai  Peninsula,  Alaska,  by  A.  C.  Gill. 

TOPOO&APmO  MAPS. 

Kenai  Peninsula,  southern  portion;  scale,  1:600,000;  compiled.    In  ^Bulletin  526. 

30  cents.    Not  issued  separately. 
Matanuska  and  Talkeetna  region,  reconnaisBance  map;  scale,  1:250,000;  by  T.  G. 

Gerdine  and  R.  H.  Saigent.    In  ^Bulletin  327.    25  cents.    Not  issued  separately. 
Lower  Matanuska  Valley;   scale,  1 :  62,500;   by  R.  H.  Sargent.     In  Bulletin  500. 

Not  issued  separately. 
Yentna  district,  recouAaissance  map;  scale,  1:250,000;  by  R.  W.  Porter.    Revised 

edition.    In 'Bulletin  534.    20  cents.    Not  issued  separately. 
Mount  McKinley  region,  reconnaissance  map;  scale,  1: .625,000;  by  D.  L.  Reabum. 

In  'Professional  Paper  70.    70  cents.    Not  issued  separately. 
Kenai  Peninsula,  reconnaissance  map;  scale,  1:250,000;  by  R.  H.  Saigent,  J.  W. 

Bagley,  and  others.    In  Bulletin  587.    Not  issued  separately. 
Moose  Pass  and  vicinity  (602C);  scale,  1 :  62,500;  by  J.  W.  Bagley.    In  Bulletin  587. 

Not  issued  separately. 
The  WiUow  Creek  district;  scale,  1: 62,500;  by  C.  E.  Giffin.    In  Bulletin  007.    Not 

issued  separately. 
The  Broad  Pass  region;  scale,  1:250,000;  by  J.  W.  Bagley.    In  Bulletin  608.    Not 

issued  separately. 
Lower  Matanuska  Valley  (602A);  scale,  1:62,500;  contour  interval,  50  feet;  byR.H. 

Sargent.    10  cents. 
Nelchina-Susitna  region;  scale,  1:250,000;  by  J.  W.  Bagley.    In  Bulletin  668.    Not 

issued  separately. 

In  preparation. 

« 

The  Seward-Fairbanks  route;  compiled;  scale,  1:250,000. 

SOUTHWESTERN   ALASKA. 
REPORTS. 

♦A  reconnai«ance  in  southwestern  Alaska,  by  J.  E.  Spurr.    In  Twentieth  Annual 

Report,  pt.  7,  1900,  pp.  31-264.    $1.80. 
♦Gold  mine  on  Unalaska  Island,  by  A.  J.  CoUier.    In  Bulletin  259,  1905,  pp.  102-103. 

15  cents. 
♦Geology  and  mineral  resources  of  parts  of  Alaska  Peninsula,  by  W.  W.  Atwood. 

Bulletin  467,  1911,  137  pp.    40  cents. 
♦A  geologic  reconnaiflsance  of  the  Iliamna  region,  Alaska,  by  G.  C.  Martin  and  F.  J. 

Katz.    Bulletin  485,  1912,  138  pp.    35  cents. 
♦Mineral  deposits  of  Kodiak  and  the  neighboring  islands,  by  G.  C.  Martin.    In  Bulletin 

542,  1913,  pp.  125-136.     25  cents. 
The  Lake  Clark-central  Kuskokwim  region,  by  P.  S.  Smith.    Bulletin  655,-  1918, 

162  pp. 
•Beach  placere  of  Kodiak  Island,  Alaska,  by  A,  G.  Maddren.    In  Bulletin  692, 

1919,  pp.  299-319.     50  cents. 

Unalaska  and  Akun  islands  and  near  Stepovak  Bay,  Alaska,  by  A.  G. 
In  BuUetin  692,  1919,  pp.  283-298.    50  cents. 
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TOPOOSAFHIO  HAPS. 

Herendeen  Bay  and  Unga  Island  region,  reconnaisBance  map;  scale,  1:250,000;  by 

H.  M.  Eakin.    In  ^Bulletin  467.    40  cents.    Not  issued  separately. 
Chignik  Bay  region,  reconnaissance  map;  scale,  1:250,000;  by  H.  M.  Eakin.    In 

^Bulletin  467.    40  cents.    Not  issued  separately. 
Iliamna  region,  reconnaissance  map;  scale,  1:250,000;  by  D.  C.  Witherspoon  and 

C.  E.  Giffin.    In  ^Bulletin  485.    35  cents.    Not  issued  separately. 
*Kuskokwim  River  and  Bristol  Bay  region;  scale,  1:625,000;  by  W.  S.  Post.    In 

Twentieth  Annual  Report,  pt.  7.    $1.80.    Not  issued  separately. 
Lake  Clark-central  Kuskokwim  region,  reconnaissance  map;  scale,  1:250,000;  by 

R.  H.  Sargent,  D.  C.  Witherspoon,  and  C.  E.  GifBn.    In  Bulletin  655.    Not  issued 

separately. 

YUKON   AND   KUSKOKWIM   BASINS. 

BEPOBTS. 

*The  coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    Bulletin  218,  1903, 

71  pp.    15  cents. 
The  Fartymile  quadrangle,   Yukon-Tanana  region,  Alaska,   by  L.  M.   Prindle. 

Bulletin  375,  1909,  52  pp. 
Water-supply  investigations  in  Yukon-Tanana  region,  Alaska,  1907-^  (Fairbanks, 

Circle,  and  Rampart  districts),  by  C.  C.  Covert  and  C.  £.  Ellsworth.    Water- 

Supply  Paper  228,  1909,  108  pp. 
*The  Innoko  gold-placer  district,  Alaska,  with  aocounts  of  the  central  Kuskokwim 

Valley  and  the  Ruby  Creek  and  Gold  Hill  placers,  by  A.  G.  Maddren.    Bulletin 

410,  1910,  87  pp.    40  cents. 
Mineral  resources  of  the  Nabesna-White  River  district,  Alaska,  by  F.  H.  Moffit 

and  Adolph  Knopf,  with  a  section  on  the  Quaternary  by  S.  R.  Capps.    Bulletin 

417,  1910,  64  pp. 
^Placer  mining  in  the  Yukon-Tanana  region,  by  C.  £.  Ellsworth.    In  Bulletin  442, 

1910,  pp.  230-245.    40  cents. 
^Occurrence  of  wolframite  and'  cassiterite  in  the  gold  placers  of  Deadwood  Creek, 

Birch  Creek  district,  by  B.  L.  Johnson.    In  Bulletin  442,  1910,  pp.  246-260.    40 

cents. 
Placer  mining  in  the  Yukon-Tanana  region,  by  C.  £.  Ellsworth  and  G.  L.  Parker. 

In  Bulletin  480,  1911,  pp.  153-172. 
Gold-placer  mining  developments  in  the  Innoko-Iditarod  region,  by  A.  G.  Maddren. 

In  Bulletin  480,  1911,  pp.  236-270. 
•Placer  mining  in  the  Fortymile  and  Seventymile  river  districts,  by  E.  A.  Porter. 

In  Bulletin  520,  1912,  pp.  211-218.    50  cents. 
•Placer  mining  in  the  Fairbanks  and  Circle  districts,  by  C.  E.  Ellsworth.    In  Bulletin 

520.  1912,  pp.  240-245.    60  cents. 
•Gold  placers  between  Woodchopper  and  Foiurth  of  July  creeks,  upper  Yukon  River, 

by  L.  M.  Prindle  and  J.  B.  Mertie,  jr.    In  Bulletin  520,  1912,  pp.  201-210.    50 

cents. 
The  Bonnifield  region,  Alaska,  by  S.  R.  Capps.    Bulletin  601, 1912,  162  pp. 
A  geologic  reconnaissance  of  a  part  of  the  Rampart  quadrangle,  Alaska,  by  H.  M. 

Eakin.    Bulletin  535,  1913,  38  pp. 
A  geologic  reconnaisBance  of  the  Fairbanks  quadrangle,  Alaska,  by  L.  M.  Prindle, 

with  a  detailed  description  of  the  Fairbanks  district,  by  L.  M.  Prindle  and  F.  J. 

Katz,  and  an  account  of  lode  mining  near  Fairbanks,  by  P.  S.  Smith.    Bulletin 

525,  1913,  220  pp. 
•The  Kpyukuk-Chandalar  region,  Alaska,  by  A.  G.  Maddren.    Bulletin  532,  1913, 

119  pp.    25  cents. 
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A  geologic  reconnaiffance  of  the  Circle  quadrangle,  Alaska,  by  L.  M.  PHndle. 

Bulletin  538,  1913,  82  pp. 
♦Placer  mining  in  the  Yukon-Tanana  region,  by  C.  E.  Ellsworth  and  R.  W.  Daven- 
port.    In  Bulletin  642,  1913,  pp.  203-222.    25  cents 
The  Iditarod-Ruby  region,  Alaska,  by  H.  M.  Eakin.    Bulletin  578,  1914,  45  pp. 
♦Placer  mining  in  the  Ruby  district,  by  H.  M.  Eakin.    In  Bulletin  592,  1914,  pp. 

363-369.    60  cents. 
♦Placer  mining  in  the  Yukon-Tanana  region,  by  Theodore  Chapin.    In  BuUetin  592, 

1914,  pp.  357-362.    60  cents. 
♦Lode  developments  near  Fairbanks,  by  Theodore  Chapin.    In  Bulletin  592,  1914, 

pp.  321-355.    60  cents. 
Mineral  resources  of  the  Yukon-Koyukuk  region,  by  H.  M.  Eakin.    In  ♦Bulletin 

592,  1914,  pp.  371-384. 
Surface  water  supply  of  the  Yukon-Tanana  region,  Alaaka,  1907  to  1912,  by  C.  E. 

Ellsworth  and  R.  W.  Davenport.    Water-Supply  Paper  342, 1915,  343  pp. 
Mining  in  the  Fairbanks  district,  by  H.  M.  Eakin.    In  Bulletin  622, 1915,  pp.  229-238. 
Mining  in  the  Hot  Springs  district,  by  H.  M.  Eakin.    In  Bulletin  622,  1915,  pp. 

239-245. 
Quicksilver  depoats  of  the  Kuskokwim  region,  by  P.  S.  Smith  and  A.  G.  Maddien. 

In  Bulletin  622,  1915,  pp.  272-291. 
Gold  placers  of  the  lower  Kuskokwim,  by  A.  G.  Maddren.    In  Bulletin  622,  1915, 

pp.  292-360. 
An  ancient  volcanic  eruption  in  the  upper  Yukon  basin,  by  S.  R.  Capps.    Pkofes- 

sional  Paper  95,  1915,  pp.  59-^. 
Mineral  resources  of  the  Ruby-Kuskokwim  region,  by  J.  B.  Mertie,  jr.,  and  G.  L. 

Harrington.     In  Bulletin  642,  1916,  pp.  228-266. 
The  Chisana-White  River  district,  Alaska,  by  S.   R.  Capps.    Bulletin  630,  1916, 

130  pp. 
The  Yukon-Koyukuk  region,  Alaska,  by  H.  M.  Eakin.    Bulletin  631,  1916,  88  pp. 
The  gold  placets  of  the  Tolovana  district,  by  J.  B.  Mertie,  jr.    In  Bulletin  662, 1917, 

pp.  221-277. 
Gold  placers  near  the  Nenana  coal  field,  by  A.  G.  Maddren.    In  Bulletin  662, 1917, 

pp.  363-402. 
Lode  mining  in  the  Fairbanks  district,  by  J.  B.  Mertie,  jr.    In  Bulletin  662,  1917, 

pp.  403-424. 
Lode  deposits  near  the  Nenana  coal  field,  by  R.  M.  Overbeck.    In  Bulletin  662, 

1917,  pp.  351-362. 

The  Lake  Clark-central  Kuskokwim  region,  Alaska,  by  P.  S.  Smith.    Bulletin  655, 

1918,  162  pp. 

The  Cosna-Nowitna  region,  Alaska,  by  H.  M.  Eakin.    Bulletin  667,  1918,  54  pp. 
The  Anvik-Andreafski  region,  Alaska,  by  G.  L.  Harrington.    Bulletin  683, 1918, 70  pp. 
The  Kantishna  district,  Alaska,  by  S.  R.  Capps.    Bulletin  687,  1919,  116  pp. 
The  Nenana  coal  field,  Alaska,  by  G.  C.  Martin.    Bulletin  664, 1919,  54  pp. 
♦Mining  in  the  Fairbanks  district,  by  Theodore  Chapin.    In  Bulletin  692,  1919,  pp. 

321-327.    50  cents. 
♦A  molybdenite  lode  on  Healy  River,  by  Theodore  Chapin.    In  Bulletin  692,  1919, 

p.  329.    50  cents. 
♦Mining  in  the  Hot  Springs  district,  by  Theodore  Chapin.    In  Bulletin  692,  1919. 

pp.  331-335.    50  cents. 
*Tin  deposits  of  the  Ruby  district,  by  Theodore  Chapin.    In  Bulletin  692,  1919,  p. 

337.    50  cents. 
♦The  gold  and  platinum  placers  of  the  Tolstoi  district,  by  G.  L.  Hanington.    In 

Bulletin  692,  1919,  pp.  338-351.    50  cents. 
♦Placer  mining  in  the  Tolovana  district,  by  R.  M.  Overbeck.    In  Bulletin  712,  1919, 

pp.  177-184.    20  cents. 
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Mineral  reeources  of  the  Goodnews  Bay  region,  by  6.  L.  Harrington.    In  Bulletin 

714,  1921,  pp.  207-228. 
Gold  lodes  in  the  upper  Kuakokwim  region,  by  G.  C.  Martin.     In  Bulletin  722. 

TOPOO&APHIC  MAPS. 

Circle  quadrangle  (No.  641);  scale,  1 :  250,000;  by  T.  G  Gerdine,  D.  C.  Witherspoon, 

and  others.    50  cents  retail  or  30  cents  wholesale.    Also  in  ^Bulletin  295.    35  cents. 
Fairbanks  quadrangle  (No.  642);  scale,  1 :  250,000;  by  T.  G.  Gerdine,  D.  C.  Wither- 
spoon, R.  B.  Oliver,  and  J.  W.  Bagley.    50  cents  retail  or  30  cents  wholesale.    Also 

in  'Bulletin  337  (25  cents)  and  Bulletin  525. 
Fortymile  quadrangle  (No.  640);    scale,    1:250,000;  by  £.  C.  Baroaid.    10  cents 

retail  or  6  cents  wholesale.    Also  in  Bulletin  375. 
Rampart  quadrangle  (No.  643);  scale,   1:  250,000;  by  D.  C.  Witherspoon  and  R.  B. 

Oliver.    20  cents  retail  or  12  centfi*  wholesale.    Also  in  'Bulletin  337  (25  cents) 
.    and  part  in  Bulletin  535. 
Fairbanks  special  (No.  642A);  scale,  1: 62,500;  by  T.  G.  Gerdine  and  R.  H.  Sargent. 

20  cents  retail  or  12  cents  wholesale.    Also  in  Bulletin  525. 
Bonnifield  region;  scale,  1 :  250,000;  by  J.  W.  Bagley,  D.  C.  Witherspoon,  and  C.  E. 

Giffin.    In  Bulletin  501.    Not  issued  separately. 
Iditarod-Ruby  region,  reconnaissance  map;  scale,  1 :  250,000;  by  C.  G.  Anderson, 

W.  S.  Post,  and  others.    In  Bulletin  578.    Not  issued  separately. 
Middle  Kuskokwim  and  lower  Yukon  region;  scale,  1 :  500,000;  by  C.  G.  Anderson, 

W.  S.  Post,  and  others.    In  Bulletin  578.    Not  issued  separately. 
Chisana-White  River  region;  scale,   1 :  250,000;  by  C.  E.  GiflBn  and  D.  C.  Wither- 
spoon.   In  Bulletin  630.    Not  issued  separately. 
Yukon-Koyukuk  region;  scale,  1 :  500,000;  by  H.  M.  Eakin.    In  Bulletin  631.    Not 

issued  separately. 
Coena-Nowitna  region,  reconnaissance  map;  scale,   1 :  250,000;  by  H.   M.  Eakin, 

C.  E.  Giffin,  and  R.  B.  Oliver.    In  Bulletin  667.    Not  issued  separately. 
Lake  Clark-central  Kuskokwim  region,  reconnaissance    map;    scale,     1 :  250,000; 

by  R.  H.  Sargent,  D.  C.  Witherspoon,  and  C.  E.  Giffin.    In  Bulletin  655.    Not 

issued  separately. 
Anvik-Andreafeki  region;  scale,   1 :  250,000;  by  R.  H.  Sargent.    In  Bulletin  683. 

Not  issued  separately. 
Marshall  district;  scale,  1 :  125;000;  by  R.  H.  Sargent.    In  Bulletin  683.    Not  issued 

separately. 

In  preparation. 

Lower  Kuskokwim  region;  scale,  1 :  500,000;  by  A.  G.  Maddren. 
Ruby  district;  scale,  1 :  260,000;  by  C.  E.  Giffin  and  R.  H.  Sargent. 
Iimoko-Iditarod  district;  scale,  1 :  250,000;  by  R.  H.  Sargent  and  C.  £.  Giffin. 

SEWARD  PENINSULA. 
BEPOBTS. 

*The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Moffit.    Bulletin 

247,  1905,  85  pp.    40  cents. 
Gold  mining  on  Seward  Peninsula,  by  F.  H.  Moffit.    In  Bulletin  284,  1906,  pp.  132- 

141. 
The  gold  placers  of  parts  of  Seward  Peninsula,  Alaska,  including  the  Nome,  Council, 

Kougarok,  Port  Clarence,  and  Goodhope  precincts,  by  A.  J.  Collier,  F.  L.  Hess, 

P.  S.  Smith,  and  A.  H.  Brooks.    Bulletin  328,  1908,  343  pp. 
*Investigation  of  the  mineral  deposits  of  Seward  Peninsula,  by  P.  S.  Smith.    In 

Bulletin  345,  1908,  pp.  206-250.    45  cents. 
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Geology  of  the  Seward  PeninBula  tin  deponts.  by  Adolph  Knopf.    Bulletin  358. 

1908,  72  pp. 
*Recent  developments  in  eouthern  Seward  Peninsula,  by  P.  8.  Smith.    In  Bulletin 

379,  1909,  pp.  267-301.    50  cents. 
•The  Iron  Creek  region,  by  P.  S.  Smith.    In  Bulletin  379, 1909,  pp.  302-354.    50  cents. 
♦Mining  in  the  Fairhaven  district,  by  F.  F.  Henshaw.    In  Bulletin  379,  1909,  pp. 

355-369.    50  cents. 
Geology  and  mineral  resources  of  the  Solomon  and  Casadepaga  quadrangles,  Seward 

Peninsula,  Alaska,  by  P.  S.  Smith.    Bulletin  433, 1910,  227  pp. 

-  ♦MininginSewardPeninsula.byF.F.  Henshaw.    In  Bulletin  442, 1910,  pp.  353-371. 

40  cents. 

A  geologic  reconnaissance  in  southeastern  Seward  Peninsula  and  the  Norton  Bay- 
Nulato  region,  Alaska,  by  P.  S.  Smith  and  H-M.  Eakin.    Bulletin  449, 1911, 146  pp. 

♦Notes  on  mining  in  Seward  Peninsula,  by  P.  S.  Smith.  In  Bulletin  520,  1912,  pp. 
339-344.    50  cents. 

Geology  of  the  Nome  and  Grand  Central  quadrangles,  Alaska,  by  F.  H.  Moffit.  Bulle- 
tin 533, 1913, 140  pp. 

Surface  water  supply  of  Seward  Peninsula,  Alaska,  by  F.  F.  Henshaw  and  G.  L. 
Parker,  with  a  sketch  of  the  geography  and  geology  by  P.  S.  Smith  and  a  description 
of  methods  of  placer  mining  by  A.  H.  Brooks;  including  topographic  reconnaissance 
map.    Water-Supply  Paper  314,  1913,  317  pp.    45  cents. 

-  *Placer  mining  on  Seward  Peninsula,  by  Theodore  Chapin.    In  Bulletin  582,  1914, 

pp.  385-^96.  60  cents. 
♦Lode  developments  on  Seward  Peninsula,  by  Theodore  Chapin.    In  Bulletin  592, 

1914,  pp.  397-407.    60  cents. 
Iron-ore  deposits  near  Nome,  by  H.  M.  Eakin.    In  Bulletin  622,  1915,  pp.  361-365. 
Placer  "lining  in  Seward  Peninsula,  by  H.  M.  Eakin.    In  Bulletin  622,  1915,  pp. 

36^-373. 
^  Lode  mining  and  prospecting  on  Seward  Peninsula,  by  J.  B.  Mertie,  jr.    In  Bulletin 

662,  1917,  pp.  42&-449. 
Placer  mining  on  Seward  Peninsula,  by  J.  B.  Mertie,  jr.    In  Bulletin  662,  1917, 

pp.  451-458. 
«Tin  mining  in  Seward  Peninsula,  by  G.  L.  Harrington.    In  Bulletin  692,  1919, 

pp.  353-361.  50  cents. 
♦Graphite  mining  in  Seward  Peninsula,  by  G.  L.  Harrington.    In  BuUetin  692, 1919, 

pp.  363-367.  50  cents. 
♦The  gold  and  platinum  placers  of  the  Kiwalik-Koyuk  region,  by  G.  L.  Harrington. 

In  Bulletm  692, 1919,  pp.  368-400.    50  cents. 

-  ♦Mining  in  northwestern  Alaska,  by  S.  H.  Cathcart.    In  Bulletin  712, 1919,  pp.  185- 

198.    20  cents. 
Mining  on  Seward  Peninsula,  by  G.  L.  Harrington.    In  Bulletin  714, 1921,  pp.  22^237. 
Metalliferous  lodes  of  southern  Seward  Peninsula,  by  S.  H.  Cathcart.  In  Bulletin  722. 

In  preparation. 

The  geology  of  the  York  tin  deposits,  Alaska,  by  Edward  Steidtmann  and  S.  H. 
Cathcart. 

TOPOOBAPSIO  HAPS. 

Seward  Peninsula;  scale,  1:500,000;  compiled  from  work  of  D.  C.  Witherspoon, 
T.  G.  Gerdine,  and  others,  of  the  Geological  Survey,  and  all  available  sources. 
In  Water-Supply  Paper  314.    Not  issued  separately. 

Seward  Peninsula,  northeastern  portion,  reconnaissance  map  (No.  656);  scale, 
1 :  250,000;  by  D.  C.  Witherspoon  and  C.  E.  Hill.  50  cents  retail  or  30  cents  whole- 
sale.   Also  in  ♦Bulletin  247.    40  cents. 


RECENT  SURVEY  PUBLICATIONS  ON  ALASKA.  XIII 

Seward  Peninfinila,    northwestern   portion,    reconnausance   map   (No.    657);   scale, 

1  :  250,000;  by  T.  G.  Gerdine  and  D.  C.  Witherspoon.    50  cents  retail  or  30  cents 

wholesale.    Also  in  Bulletin  328. 
Seward  Peninsula,  southern  portion,  reconnaissance  map  (No.  656);  scale,  1  :  250,000; 

by  £.  C.  Barnard,  T.  G.  Gerdine,  and  others.    50  cents  retail  or  30  cents  wholesale. 

Also  in  Bulletin  328. 
Seward  Peninsula,  southeastern  portion,  reconnaissance  map  (Nos.  655-656);  scale, 

1  :  250,000;  by  £.  C.  Barnard,  D.  L.  Reabum,  H.  M.  Eakin,  and  others.    In  Bulle 

tin  449.    Not  issued  separately. 
Nulato-Norton  Bay  r^on;  scale,  1  :  600,000;  by  P.  S.  Smith,  H.  M.  Eakin,  and 

others.    In  Bulletin  449.    Not  issued  separately. 
Grand  Central  quadrangle  (No.  646A);  scale,  1  :  62,500;  by  T.  G.  Gerdine,  R.  B. 

Oliver,  and  W.  R.  Hill.    10  cents  retail  or  6  cents  wholesale.    Also  in  Bulletin  533. 
Nome  quadrangle  (No.  646B);  scale,  1 :  62,500;  by  T.  G.  Gerdine,  R.  B.  Oliver,  and 

W.  R.  Hill.    10  cents  retail  or.6  cents  wholesale.    Also  in  Bulletin  533. 
Casadepaga  quadrangle  (No.  646C);  scale,  1 :  62,500;  by  T.  G.  Gerdine,  W.  B.  Corse, 

and  B.  A.  Yoder.    10  cents  retail  or  6  cents  wholesde.    Also  in  Bulletin  433. 
Solomon  quadrangle  (No.  646D);  scale,  1  :  62,500;  by  T.  G.  Gerdine,  W.  B.  Corse, 

and  B.  A.  Yoder.    10  cents  retail  or  6  cents  wholesale.    Also  in  Bulletin  433. 

NORTHERN   ALASKA. 
BEPORTB. 

*A  reconnaissance  in  northern  Alaska  across  the  Rocky  Mountains,  along  Koyukuk, 

John,  Anaktuvuk,  and  Colville  rivers  and  the  Arctic  coast  to  Cape  Lisbume  in 

1901,  by  F.  C.  Schiader,  with  notes  by  W.  J.  Peters.    Professional  Paper  20,  1904, 

139  pp.    40  cents. 
^Geology  and  coal  resources  of  the  Cape  Lisbume  region,  Alaska,  by  A.  J.  Collier. 

Bulletin  278,  1906,  54  pp.    15  cents. 
^Geologic  investigations  along  the  Canada-Alaska  boundary,  by  A.  G.  Maddien.    In 

Bulletin  520, 1912,  pp.  297-314.    50  cents. 
•The  Noatak-Kobuk  region,  Alaska,  by  P.  S.  Smith.    Bulletin  536, 1913,  160  pp.    40 

cents. 
•The  Koyukuk-Chandalar  region,  Alaska,  by  A.  G.  Maddren.    Bulletin  532,  1913, 

119  pp.    25  cents. 
The  Canning  river  region  of  northern  Alaska,  by  E.  de  K.  Leflingwell.    Professional 

Paper  109,  1919,  251  pp. 

TOPOGRAPHIC  KAPS. 

•Koyukuk  River  to  mouth  of  Colville  River,  including  John  River;  scale,  1 : 1,250,000; 

by  W.  J.  Peters.    In  *Profe3sional  Paper  20.    40  cents.    Not  issued  separately. 
Koyukuk  and  Chandalar  region,  reconnaissance  map;  scale,  1  :  500,000;  by  T.  G. 

Gerdine,  D.  L.  Reabum,  D.  C.  Witherspoon,  and  A.  G.  Maddren.    In  •Bulletin  532. 

25  cents.    Not  issued  separately. 
Noatak-Kobuk  region;  scale,  1  :  500,000;  by  C.  E.  Giffin,  D.  L.  Reabum,  H.  M. 

Eakin,  and  others.    In  •Bulletin  536.    40  cents.    Not  issued  separately. 
Canning  River  region;  scale,  1  :  250,000;  by  E.  de  K.  Leffingwell.    In  Professional 

Paper  109.    Not  issued  separately. 
North  Arctic  coast;  scale,  1  :  1,000,000;  by  E.  de  K.  Leffingwell.    In  Professional 

Paper  109.    Not  issued  separately. 
Martin  Point  to  Thetis  Island;  scale,  1  :  125,000;  by  E.  de  K.  Leffingwell.    In  Profes- 
sional Paper  109.    Not  issued  separately. 
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